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Introduction 


Chapter 1 

Introduction 

The supply of low-cost but durable building materials is almost universally recognized as one of the 
major obstacles to improved housing conditions in developing countries, whether in the cities or in 
the rural areas. It is also widely agreed that the establishment of high-technology building materials 
industries on the model of the industrialized countries can make only a very limited contribution to 
meeting the immediate and future needs of the developing world. 

Recent experience is that the capital costs of such industries are too great to allow the production 
of materials at a price which the ordinary citizen can afford; they have frequently also resulted in 
large unrepayable foreign exchange burdens, and have required continued dependence on imports 
for maintenance, fuel and even raw materials. As a result there is a growing interest in the us§ of ma- 
terials which can be produced entirely from local resources, using simple small-scale production 
technologies, to provide durable building materials at a qost which can be afforded by the mass of 
potential housebuilders. 

Most ot these materials are already well-known and in many countries there are established produc- 
tion technologies, but they have been disregarded or rejected because they have been thought to 
lack the properties of strength, water resistance or durability required for fully permanent construc- 
tion, or because existing standards and specifications have not permitted their use, Yet, as a result 
of considerable development, many projects and much experience in recent years, it has been ef- 
fectively demonstrated that materials such as burnt-clay bricks, adobe or stabilized soil, lime-based 
cements and timber, if carefully selected, processed and applied, can be as satisfactory as factory- 
made materials such as Portland cement, cement-based blocks or steel sheet roofing, and can be 
made available at reduced costs. There are other newly developed materials too, such as rice-husk 
ash cement, sulphurcrete blocks and fibre- concrete roofing which can provide satisfactory alterna- 
tives without involving costly processing plants or the import of raw materials or equipment. 

The spread of these technologies has not been as rapid or as extensive as the urgent housing situ- 
ation requires. There are reasons for this, one of which is the need to break down prejudices against 
them on the part of building authorities and professionals. Others may be that the large-scale com- 
mercial organizations involved in the building materials industry do not believe their interests will be 
served by a proliferation of small-scale production units, and that commercial interests have so far 
done little to promote or transfer these technologies. Another is that there has been a lack of ap- 
prpriate information about these technologies for the small-scale entrepreneur or co- operative which 
might benefit from them. The purposo of this compendium is to bridge to this gap by assembling in- 
formation on a range of building materials technologies which have the potential to improve the low- 
income housing situation in developing countries. The report concentrates on five different 
categories of materials: burnt-clay bricks and tiles, soil construction, low-cost binders, fibre- 
concrete roofing, and timber. The choice of materials ic by no moans comprohoneivs - stono and 
thatch, for instance, are important materials that have not been included. What the materials chosen 
all have in common is that they are derived from very widely available raw materials, they can use 
relatively simple low-cost processing technologies, and they have been the subject ot recent 
research and development wuik in many different developing countries. 

The compendium is intended to be of use to organizations or individuals wishing to acquire and 
make use of the technologies for the production of building materials, rather than for designers or 
users Of materials. There is therefore a strung empl lasis un production technologies and on perfor- 
mance standards which should be achieved to meet the needs of the user, with only brief treatment 
of technical details of the way the material is used in building, The compendium lists commercial or- 
ganizations which provide, install or advise on the equipment and plant required forthe establishment 
ot production it should be noted that these lists are by no means comprehensive and mar me in- 
clusion of the name of any organization in these lists does not imply any recommendation by either 
the authors of this report or UNCHS (Habitat). 

A particular feature of the compendium is that it draws attention to current or recent innovations in 
the technology of production and use of the materials covered. In this context, "innovation" refers 
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to applications of building materials technology, either in the use of particular raw materials, of , 
ticular production techniques, or of particular applications which are entirely new, or unfamiliar 
the context in which they have been introduced. The innovations described are at different stag i! 

of development; some of them are still at a laboratory stage, or have been subject to limited fir 
testing; others are pilot projects; others have been more widely replicated in a particular couni 
or geographical region. The descriptions of these innovations are largely drawn from the reports 
the organizations responsible for them, and an independent assessment is not feasible except ir 
few cases. Where possible, the status of the innovation, whether laboratory, pilot project or fu 
commercialized, is indicated. Innovations which are still at the level of materials science are 

considered as a high proportion of these may never find technological application. 
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Another feature of the compendium Is an attempt to indicate the energy consumption involved 
the production of the materials covered. Not only is energy, in the form of fuels and electricity, 01 
of the principal costs in the production uf many materials, it Is an Increasingly scarce resource 
many countries. The need to conserve energy applies both to commercial fuels and to non-cot 
mercial fuels such as locally grown firewood or agricultural waste. Choice of building materials 
duction technology must take account of the energy requirements of materials. Technological 
innovations which either conserve fuel, or replace a scarce fuel with a more abundant one, or whi< I 
replace a high-energy material with a low-energy one without any reduction in standards of perfc 
mance, are of particular importance for the future, and such innovations will be highlight* 
in this compendium. 
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The compendium is organized in five chapters, each covering one of the categories of building m a- 
terials, and a final chapter, which summarizes information about the organizations involved in tec 1- 
nology transfer. The chapters on building materials are each divided Into eight sections. A brlaf 
introductory section attempts to define, and describe briefly the range of materials or technology is 
covered; the next section describes the raw materials requirements, and any raw materials testir g 
normally needed. The range of production technologies is then discussed, with emphasis panic j- 
larly on the simple small-scale technologies, and on the equipment needed at each stage of the pr )- 
duction process. The next section covers production standards, Indicating the properties which tl e 
material needs to have for application in building, the tests by which those properties are measure 1 , 
and the level of performance which is required by existing or proposed standards. A further sectit n 
discusses the range of uses of the material in building, with emphasis on comparison with altern t- 
tive materials, and on particular limitations or specially favourable applications. 


innovations in raw materials, in production technology 01 use, other than those previously cuvere j 

are dealt with in the subsequent section. The last two sections in each of these chapters docume it 
bibliographical references and plant and equipment suppliers associated with the particul tr 
material. 


The final chapter lists the organizations involved in technology transfer In the field of low-cost buil i- 
ing materials in three separate categories, namely research and training organizations, develo > 
ment and application organizations concerned with actual field projects, and internation nl 
organizations mainly concerned with documentation and information dissemination. Brief notes c n 
the scope of the activities of each organization are also given. 

This compendium has been compiled with the expert assistance of two principal consultanl 
UNCHS (Habitat) is particularly grateful to Dr Robin Spence of Cambridge Architectural Researdl 
Ltd, and to Mr Lionel Jayanetti of the Timber Research and Development Association (TRAD/ ) 
United Kingdom. 
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Burnt-clay bricks and tiles 



2.1 Introduction 

Burnt-clay bricks and tiles are made by forming a plastic 
mixture of a suitable soil arid water into appropriately 
shaped units, drying the units and then firing or burning 
them in a kiln. A huge variety of building products is made 
in this way, including solid bricks and blocks, hollow bricks 
and blocks, roofing tiles of many different shapes, and floor 
tiles and pipes, among others. This compendium will be 
concerned only with the manufacture of two basic items, 
solid bricks and pressed roof ng tiles. 

A wide variety of technologies is available, both for process- 
ing of raw materials and for firing, ranging from simple 
small-scale labour-intensive processes to large-scale capi- 

tal-inlensiv© processing plants. The emphasis will be ui i il le 
simple, low- capital techniques. The manufacture of burnt- 
clay building products is energy intensive, and thus em- 
phasis will be placed on means to reduce energy 
consumption or use low-grade fuels. 


2.2 Raw materials 

A wide range of soils is suitable for the manufacture of clay 
bricks and tiles. The essential property is plasticity, the 
ability to be moulded or shaped by pressure or working, 
which is imparted by clay particles. I he proportion of clay 
needed to impart sufficient plasticity is not very large, and 
soils with a large clay content often exhibit too much shrink- 
age which causes cracking and distortion. Alluvial soils are 
most commonly used tor brickmaking, and the Indian stan- 
dard 1S:21 1 7 gives the following preferred soil composition 
(by weight): 

Clay 20 to 30 per cent 

Silt 20 to 35 per cent 

Sand 35 to 50 per cent 

I he total weight of the clay and silt particles together should 
preferably not exceed 50 per cent. Where a soil with these 
properties is not available, mixing of two soils, or the ad- 
mixture of sand, or ash, or finely ground fired clay (grog) 
can oe used to obtain a suitable particle size distribution. 
Special techniques are needed for the pretreatment of 
black cotton soils (see section 2.6). 

Indian Standard IS:2117 also gives a preferred plasticity 
index (PI) between 15 and 25 per cent. The soil grading 
and plasticity properties are found by the use of the particle 
size distribution and plasticity tests described in section 3.2. 

Drying and firing shrinkage are other properties which are 
important to the performance of a brick clay. They are 
measured as the average change in linear dimension at the 
end of the drying and firing stages, compared with the as- 
moulded brick or tile. Typical values of up to 7 per cent for 
drying shrinkage and between 6 and 8 per cent for firing 


shrinkage (UNIDO/ILO, 1984) or between 8 and 15 per 
cent for total shrinkage (IS:2117) have been given, but 
these are only indicative. 

In tilemaking, a higher dry strength and a lower porosity is 
required than for brickmaking, and a soil with more clay 
particles and less sand is required - but precise require- 
ments depend on the processing technology For hoth 
brickmaking and tilemaking, testing of raw materials has 
only a limited usefulness, as good test results cannot guar- 
antee that a soil will be suitable in practice. Thus produc- 
tion trials at a small scale, for example by transporting raw 
materials to an existing production plant, are advisable 
before making any investment decisions. 

Certain common ingredients of clays or brick-earths are de- 
sirable, such as iron oxides which are responsible for the 
colour (yellow, brown, red or blue) of the fired clay pro- 
ducts. Other impurities are undesirable. Limestone 
(CaCOa) is a common impurity which is undesirable if it oc- 
curs as nodules in the soil: these will be converted to quick- 
lime during firing, which can subsequently expand and 
cause cracking of the bricks. An upper limit of 1 per cent 
CaO or MqO is desirable for alluvial soils. Sulphates and 
other water soluble salts should also be limited, as they can 
cause efflorescence or white staining of the bricks; an 
upper limit of 1 per cent is desirable. 


2.3 Production technologies 

The principal stages in the production of burnt day pro- 
ducts, whether bricks or tiles, are: 

(a) Winning, 

(b) Preparation, 

(c) Moulding, 

(d) Drying; 

(e) Firing. 

Winning and preparation 

Except in large-scale mechanized brick production plants, 
the brick-earth is normally won from workings not exceed- 
ing 3 m deep, and hand-tools such as pick-axes, shovels 
and wheelbarrows or head-baskets are suitable. The use 
of shallow workings has the additional advantage that the 
land can be returned, after removal of the brick-earth, to 
agricultural use. The preparation of the soil involves screen- 
ing, crushing, weathering and tempering. 

Crushing may be required if a heavy clay soil is to be used, 
Crushing with manual tools is laborious, and normally 
mechanically powered roller-crushers are used, but ma- 
nually powered crushing equipment is available (see sec- 
tion 2.6). Screening involves the removal of all gravel, sand, 
vegetable matter and lime nodules exceeding about 2 mm; 
hand screening is usually used. Weathering is often 
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required in order to develop a homogeneity in the mass of 
the soil, and to eliminate some impurities through oxida- 
tion or leaching. Where used, it involves leaving the soil in 
heaps exposed to the weather for several weeks, spraying 
with water if needed, and turning it over to expose the whole 
heap. 

Tempering involves mixing the soil with water, up to the re- 
quired water content, in layers up to 30 cm, and allowing it 
to soak to ensure thorough dispersion for about 36 hours. 
Before moulding the soil is kneaded or mixed with spades 
or mechanical equipment into a plastic mass. T reading with 
the feet, using human or animal labour, is another means 
of kneading the soil. At this stage any additions to improve 
the soil properties are made. Alternatively (or as an addi- 
tion) a puq-mill mav be used in the preparation process for 
mixing and kneading the raw materials. Pug-mills may be 
animal-driven or manually or mechanically powered. 


Moulding and drying 

In traditional brickmaking, bricks are moulded by hand in 
simple wooden moulds. The soil is formed into a clot or 
lump of appropriate size, and thrown into the mould with 
sufficient force to take up its shape accurately. The excess 
is scraped off. The mould is then removed leaving the 
brick to dry. To ensure clean re-use of the mould, two dif- 
ferent techniques are used. Slop moulding /nvolves keep- 
ing the mould wet, and adding sufficient water to prevent 
sticking; sand moulding involves rolling the clot in sand 
(or ash) before moulding to aid release. In either method 
moulding may take place on the ground or at a table. 
Multiple or gang moulds can be used to speed production. 
Tiles can also be moulded manually, using methods simi- 
lar to slop or sand moulding, although normally more man- 
ipulation of the clot is required to shape the soil to the more 
complex shape of the mould. 

Bricks and tiles can be moulded mechanically by means of 
an extrusion process. The clay after mixing is forced 
through a die into a clay column which is then sliced by 
wires into brick- shaped pieces, or in the case of pressed 
tile manufacture, rectangular "blanks". Tile-moulding is 
then completed by pressing the blanks in a hand operated 
or mechanically powered fly-press or other pressing de- 
vice. Extrusion processes require a smaller water content 
for moulding and, therefore, produce a denser brick or tile, 
which will also be stronger in the green state after mould- 
ing. Extrusion also permits the formation of perforated 
bricks. 

In dry climates (or where brickmaking is a seasonal activ- 
ity), bricks and tiles are sun-dried. Covering or shading is 
normally needed to prevent rapid early drying; when they 
are strong enough, bricks may be built into stacks (or 
"hacks") to reduce the space used. Tiles normally remain 
in their moulds for the earliest stages of drying. When they 


have gained sufficient strength they are stacker on edge 
for further drying. In wet climates, covered dry ng sheds 
may be needed. Drying rates can be improved by using the 
waste heat from the firing process. In tilemaking [ irocesses 
especially, controlled drying is essential to elir linate the 
tendency to cracking. The drying process can ta ce several 
weeks, so substantial space is required, whether covered 
or sundrying is to be used. 


Firing 

The simplest technique used for firing bricks is i clamp. A 
clamp is a large pile of bricks carefully stacke< I to leave 
spaces for fuel and for the distribution of the hot g ases. The 
lowest layer of a clamp consists of a pattern of alr< ady burnt 
bricks with fuel (normally small coal or coke) s ^read be- 
tween them. Dried unfired bricks are then stacker i on edge 
in layers above this, up to about 30 layers; the k n is com- 
pleted with an insulation layer of fired bricks. Add tional fuel 
may be placed in a further layer at a higher level n the kiln. 
The sides of the kiln are sloped to maintain stal >ility; thus 
no permanent structure is required. Firing is initia ed by fire- 
wood set in specially constructed eyes at the lo\ zest level, 
and continues until all fuel is burnt, which may ta ce several 
weeks. Long clamps are sometimes constructei I in which 
the firing begins at one end while the setting of bi icks is still 
in progress at the other. The number of bricks i > a clamp 
may range from 10,000 to 1 00,000 or even more, the larger 
sizes being more efficient. The properties of the oricks will 
also vary, with better burned, strong bricks towards the 
centre of the kiln, and softer bricks at the edge s, so that 
some sorting is needed before the bricks are so d. 
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An adaptation of the clamp used where firewe < 
available fuel is the scove kiln, which incorporat h 
through the base of the kiln to feed fuel continu 
ing firing; setting of the bricks is also less deni 
outside of the kiln is normally plastered with mud|t< 
heat loss, leaving "chimney" openings at the 
and scove kilns have been described by Ul 
(1984) and a manual for the construction of a 
published by Thomas (undated). They are suiti 
firing bricks, rather than tiles. Simple kilns somet 
some permanent surrounding structure which im 
fireholes. This improves insulation and provides 
tunity for covering for protection from rain. Sucl i 
called scotch kilns; they can be used for firing ti 
as bricks. All the above kilns are updraught 
draught k/lns are completely enclosed by a p 
structure, usually of brick, either circular or rei 
plan; the hot gases from external fires are defied) 
wards from the arched roof of the kiln, and dr' 
through the bricks, through holes in the floor 
and exhausted through a chimney. Downdraugt t 
be better controlled than the other types describf < 
suitable for the manufacture of tiles as well as 
less weight is carried by the clay products themse 
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are also somewhat more fuel-efficient and any type of fuel 
may Be used. 

All thp ahnvfi kilns aro intermittent; the fire burns for a peri- 
od and then goes out so that all the heat generated is 
subsequently lost. Much greater fuel efficiency can be 
achieved by the use of continuous kilns in which the fire 

hums mntinunusly and into whirh hrirks or tiles are con- 
tinuously loaded and unloaded. In Hoffman kilns and Bulls 
Trench kilns, the firing zone of the kilns progresses slowly 
around a circular tunnel or trench; green bricks or tiles are 
loaded ahead of the fire and fired ware is unloaded hehind 
it. Heat exchange is facilitated by incorporating a preheat- 
ing zone in which the unfired bricks are heated by the hot 
gases flowing from the firing zone, and by a cooling zone 
in which the cold air drawn into the firing zone is warmed 
by the heat from the already fired ware. The air and gas flow 
is maintained by a system of ducts and dampers both with- 
in the stacked ware and in the permanent structure of the 
kiln. The gases are exhausted through chimneys. A large 
number of variants of this kiln type are in use. They have a 
much greater fuel efficiency than intermittent kilns and pro- 
duce a better uniformity of product than the simpler types 
of intermittent kiln. The Bulls Trench kiln, used widely in 
South Asia for brick-burning, has a permanent structure 
consisting solely of brick sidewalls; moveable chimneys 
are placed on top of the bricks in the firing zone, and a layer 
of ash is used for insulation. More advanced designs of this 
kiln type have fixed brick chimneys. Some discussion of 
these variations and their effect on fuel efficiency is given 
in section 2.6. 

A more sophisticated continuous kiln is the tunnel kiln, in 
which the firing zone is stationary, and the ware (bricks or 
tiles) is slowly moved through it on rail cars. This type of 
kiln is very capital intensive, and generally uneconomic for 
the firing of simple bricks and tiles. 


Fuel and energy consumption 

The amount of fuel needed for the production of clay bricks 
and tiles depends on the kiln type on the type of fuel being 
used, and on the type of bricks or tiles produced. In 


general, it can be expected that continuous kilns will have 
a lower fuel consumption than intermittent kilns, and that 
the fuel required per unit weight of fired clay will be greater 

for tiles than for bricks. Some indicative figures are given 

in table 2.1 for brick production. 

It will be seen that the fuel consumption (in terms of heat 

required) in wood-fired scove kilns is over three times that 

of continuous Hoffman or trench kilns. The energy-intensi- 
ve nature of brick production is further emphasized by com- 
paring the energy requirement of brick and stabilized soil 

walling. Evon tho moot offioiont briokmaking proceaae3 re 
quire delivered energy of 3.0 MJ/kg, while soil construc- 
tion requires between 0 and 1.0 MJ/kg depending on the 
process used. 


2.4 Performance standards 

Performance standards for bricks and roofing tiles have 
been published in many countries, and cover a range of 
products. 

Bricks 

Standards for solid bricks normally specify limits on dimen- 
sional tolerances, compressive strength, water absorption, 
and the extent of efflorescence. Some requirements for ge- 
neral appearance are also normally specified. 

The standard size for burnt-clay bricks varies from country 
to country. British Standard BS 3921 , derived from imperial 
units, and still widely used, has a format of 225 x 1 12.5 x 
75 mm. which includes the mortar joint. With an allowance 
of 1 0 mm for vertical and horizontal joints this gives an aver- 
age brick dimension of 215 x 102.5 x 65 mm. The tolerance 
is specified on the overall dimension of a line of 24 bricks, 
variations of 1 1 .4 and 1 1.8 per cent are allowed in length 
and breadth respectively, while the height may vary be- 
tween + 3.8 and -1.9 per cent of the total (BS 3921). The 
metric standard now used in many countries has a format 
of 200 x 100 x 100 mm: tolerances on a line of 20 bricks 


Table 2.1. Comparative fuel consumption of different brick kilns 


Type of Kiln 

Fuel type 

Calorific value 
(MJ/ton) 

Energy per Thousand bricks 
(MJ) 

Scove (Africa) 

Firewood 

16 000 

16 000 

damp (India) 

Coal 

27 000 

8 000 

Bull Trench (India) 

Coal 

27 000 

5 400 

Hoffman (UK) 

Coal 

26 000 

5 000 

Tunnel 

Oil 

44 000 

4 000 


Sources: UNIDO/ILO (1984), Parry (1979) 
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are specified as 12.1 per cent on the total of each 
dimension. 


The compreeeive strength of bricks is a good guide not 

only to their ability to carry loads In a wall, but also to their 
durability. The stronger bricks (from the same source) are 
generally harder and more durable, while weaker bricks are 

generally softer and less durable. Most standards specify 

a range of compressive strengths, for different uses. Some 
standards distinguish between common bricks (for general 
purposes), facing bricks (selected for appearance) and en- 
gineering bricks (for heavy works or other severe condi- 
tions) and specify different load classes accordingly. The 
classes specified in Indian Standard IS: 1 077-1 986 are as 
shown in table 2.2. 

The specification of a wide range of strengths permits the 
most efficient use of all bricks produced in kilns in which 
the quality and strength varies widely. The lowest strength 
specified (3.5 N/mrrr) may be adequate for a wide range 
of uses, including external load-bearing walls of one- or 
two-storey buildings. The measurement of strength re- 
quires the use of compression testing machines. Standard 
procedures are laid down in individual standards (IS: 1077- 

1986, Nigerian Standard No. 74- 1976, BS 3921), 


T able 2.2. Classes of common burnt-clay bricks from Indian 
Standard IS:1077-1986 


Class description 

Average compressive strength 


Not less 

Less than 


(N/mm 2 ) 

(N/mm 2 ) 

35 

35.0 

40.0 

30 

30.0 

35.0 

25 

25.0 

30.0 

20 

20.0 

25.U 

17.5 

17.5 

20.0 

15 

15,0 

17.5 

12.5 

12.5 

15.0 

10 

10.0 

12,5 

7.5 

7.5 

10.0 

5 

5.0 

7.5 

3.5 

3.5 

5.0 


The water absorption of a brick is a measure of its poros- 
ity. Some porosity is desirable, but highly porous bricks 
may absorb and transmit too much water and thus may 
swell and shrink or may lack durability. Water absorption is 
measured by immersing a brick in cold water for a period 
of 24 hours and then comparing the saturated weight with 
the dry weight. An upper limit of 20 per cent is specified for 


bricks of classes 3.5 to 12.5 and of 15 per cenl for higher 
classes in Indian Standard, IS:1077-1986. Mon elaborate 
boiling or vacuum tests are specified in other sta idards but 

only for bricks to b« used for special purposes. 


Efflorescence is unsightly and may in exceptii 
cause spalling and disintegration of the faces 

test for efflorescence is to immerse bricks hall 

tilled water for two weeks. If soluble salts are pr 
will dry out on the top corners of the brick as 
being soaked up. As long as only slight efflorei < 
curs, the bricks are considered adequate (IS: 

UNIDO/ILO 1984). Tests may also be specified 
blowing (hydration of quicklime in the bricks 
limestone nodules in the soil), for frost resi: 
general appearance. Indian Standard, IS: 1077. 
cities that bricks should be “free from cracks or 
nodules of free lime”. 
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Tiles 

Tests for roofing tiles differ considerably frorH those for 

bricks. Detailed specifications are given of requifed dimen- 
sions and dimensional tolerances. Mangalore til 
1977) are specified by the overall dimensioi 
separate sizes 410 x 235 mm, 420 x 250 mm ant 

mm with tolerances on a line of three tiles of 1 1 

on length and 12.4 per cent on breadth. These kc 
allow for minimum overlaps of 60 mm lengthw 
mm widthwise. Upper and lower limits on oven- 
are specified (less than 3 kg, and more than 
tiles) in place of a thickness specification. The lc 
size of fixing lugs and holes are also specified. 
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Bending strength is more important than cr 
strength and is measured by a breaking load 
a tile is supported between two parallel steel 
mm while a load is applied through another p; 
bearer at the mid-point and gradually increased 
occurs. The average breaking load for six Man 
tern tiles of dimensions 410 x 235 mm should 
than 80 kg (for class A). A higher class (class 
minimum average breaking load of 110 kg is 
tied. Minimum breaking loads of 68 kg and 90 
vidual tiles are also specified. There are different 
breaking loads for tiles of other sizes. Water al 
measured in the same way as for bricks; the av 
sample of six tiles should not exceed 24 per 
per cent in classes A and AA respectively (IS: 


»:6f • 


A separate permeability test is also specified for :il 
sure that water does not pass through them. Ati 
in a rectangular trough with the same plan 
the tile. The edges of the tile are sealed with wax 
to prevent leakage and the trough is filled with 
depth of 50 mm above the lowest level of the 
The bottom of the tile is examined after six hour: 
ness indicating water seeping through (IS:654 
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The standard tests described above are normally carried 
out in testing laboratories specified by clients or run by gov- 
ernment agencies, although some large brick and tile 
works are equipped with their own testing facilities. 

Simple field tests may also be used for checking the ade- 
quacy of bricks and tiles more widely. The tests for general 
quality, surface appearance, absence of twist, and im- 
purities such as large particles visible in the surface can be 
done without any equipment. The adequacy of burning can 
be tested by striking bricks or tiles, which should give a 
characteristic ringing sound. Badly underfired bricks can 
also be detected and eliminated by soaking them in water 
for at least 24 hours, after which there should be no soften- 
ing or swelling. 


2.5 Uses in construction 


Clay bricks 

Brickwork made from burnt clay bricks laid in a lime, lime- 
pozzolana or cement-based mortar is an ideal walling 
material in almost any climate. It is strong and durable, and 
it is amenable to a variety of configurations, surface treat- 
ments and textures through the use of different brick 
bonds. It can be used in a single skin (100 mm thickness) 
where loads are light and thermal mass should be reduced 
(as in the hot humid tropics), or in the form of a 200 mm 
solid or 2x100 mm cavity wall with insulation where good 
insulation is required. For use in earthquake areas, it can 
be reinforced longitudinally by mesh reinforcement in mor- 
tar courses, and the use of a 300 mm wall of Quetta bond 
(Spence and Cook, 1984) permits the use of vertical rein- 
forcement in mortar columns between the two skins of 
brickwork. 

Other advantages over alternative cement-based walling 
materials are: 

(a) Burnt-day bricks are more dimensionally stable than 
cement-based blocks, and walls built with them are not sus- 
ceptible to shrinkage cracking (although temperature 
movements need to be controlled as in the other materi- 
als); 

(b) The surface durability and attractive appearance elimi- 
nate the need for plastering or other renders, although 
these can be used if desired; 

(c) The brick format permits the use of brick arches or cor- 
belling to span door and window openings or patterns of 
openings in walls can be used (in hot humid climates) to 
replace door and window openings; 

(d) Well burnt brick can safely be used in contact with the 
ground, in foundations, paving and flooring. Ceramic tiles 


of other formats can also be produced for paving and floor- 
ing. These uses are covered by national standard 
specifications and codes of practice which are outside the 
scope of this compendium. 

Burnt-clay bricks are also suitable for use in load-bearing 
walls for multi-storey buildings. The selection of brick 
strength, mortar type and wall configuration for load-bear- 
ing walls is covered in national standards. As for other 
masonry materials the use of brickwork in walling requires 
careful detailing. At the top, a wall-plate or bond-beam is 
needed to distribute the load into the wall. Gutters or over- 
hanging eaves are required to protect the wall from running 
water. A damp-proof course is required to eliminate rising 
damp. 


Clay tiles 

In spite of the competition from cement-based roofing tiles, 
burnt-clay tiles continue to be very widely used wherever 
suitable soils are found, Well made clay tiles can have a life 
exceeding 50 years with little or no maintenance, and they 
maintain their colour better than pigmented concrete tiles. 
The correct use of any particular tile in roofing is generally 
governed by local tradition, well known to roofing craft 
smen, and sometimes set out in national standards (e.g. 
15:2858-1 964 Code of Practice tor Roofino with Mangalore 
Tiles, BS 402: 19/9 Specification for Plain Clay Roofing 
Tiles and Fittings). Careful consideration needs to be 
given to: 

(a) Pitch of roof (there is a minimum and maximum pitch 
for each tile); 

(b) Lapping of tiles, both at ends and at the sides; 

(c) Protection of verges and eaves from wind uplift (e.g. 
with steel ties); 

(d) Detailing of ridges, hips and valleys (usually with spe- 
cial tiles); 

(e) Provision of drainage by guttering etc,; 

(f) Roof construction to ensure sufficient strength and stiff- 
ness. 

Generally, clay tiles have been used in conjunction with 
sawn- timber roof structures. Bamboo trusses and purlins 
and battens may be used if the tiles are tolerant of the larger 
roof deflections involved, for example with handmade pan- 
tiles. In some areas clay tiles are used in conjunction with 
concrete roofs, or to cover earth roofs. 

In Kerala, India, where the Mangalore tile industry is well 
established, a new use for the cracked or broken rejects of 
the tile factories has been devised by a local architect, 
Laurie Baker, as a filler in reinforced concrete floor slabs. 
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A stack of two or three tiles is cast into the underside of the 
slab, between concrete ribs, replacing more expensive 
concrete, increasing the insulation, and simultaneously re- 
ducing the weight of the slab. Broken tiles may also be 
ground in a hammer mill to produce a burnt-clay pozzola- 
na. 


0.5 to 0.75 per cent of sodium chloride at the tirjie of mix- 
ing or pugging; and (b) the addition of 5 to 1 0 pel cent coal 
ash to the clay before moulding, and firing at 900°C, in 
which case the calcium oxide formed will be i >f porous 
structure. 


2.6 Innovations in manufacture and use 

Given the energy intensity of brick manufacture, it is not sur- 
prising that much recent innovation has concerned the de- 
sign of kilns to improve energy efficiency or to make use of 
unconventional, biomass or low-grade fuels. Innovation 
has also been directed towards the pretreatment of difficult 
soils to make them suitable for brickmaking and towards 
improvement in brick and tile processing plants. Some in- 
novation in the use of bricks and tiles in construction in new 
ways has been taking place. In general, recent innovation 
has tended to concentrate on bricks rather than tiles, al- 
though there appears to be no very good reason for this 
trend. 


Use of difficult soils 

The so-called "black-cotton soils* present considerable dif- 
ficulty for brickmaking. They contain a high proportion of 

clay minerals which are particularly susceptible to moisture 
movements and which cause severe distortions and crack- 
ing during drying and firing. Indian Standard IS:21 17-1986 
proposes the following method of pretreatment. The clay 

is first washed clean of lime nodules in tanks. The clay slurry 
is then run into settling tanks from which, after three or four 
days, the water is removed by bucket. Fine coai-ash grog 
ic thon addod {up to 30 to 40 per cent by weight of the clay), 
with an addition of 0.5 per cent of sodium chloride (com- 
mon salt) to prevent lime bursting. The clay is then thor- 
oughly mixed with the grog and allowed to dry for a further 
poriod of up to throo or four dayo until the correct mould 
mg consistency is attained. The grog is prepared by light- 
ly firing lumps of black cotton soil in a clamp at about 700 
to 750° C, using coal ash, firewood, or brushwood as fuel. 
The fired material is then pulverized in a hammer mill or 
pan- mill to a fineness of less than 2 mm. 

Limestone (or "kankar") nodules can present difficulties in 

many alluvial soils, rendering the soil unsuitable for use 

below a certain depth, because of the occurrence of lime- 
blowing. They may be eliminated by screening or washing 
in a wash mill; or rendered harmless by grinding the soil to 
pass a sieve of 0.63 mm mesh. A third conventional solu- 
tion is “docking", or soaking the bricks in water soon after 
the bricks are unloaded from the kiln to hydrate any quick- 
lime. 

All these solutions are expensive or cumbersome. Two 
more recently developed solutions are: (a) the addition of 


Kiln design and fuels 

In South Asia, fired-clay brick and tile manufactun 
established technology, but it faces problems 
the increasing scarcity and high price of fuels, 
stimulated consiaeraoie recent innovation in tne 
in methods of reducing the fuel consumption of 
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In some areas small clamp kilns are common, 
Traditionally fuelled by firewood, in indonesiame 
husk as a fuel is common, often in conjunction 
ler quantities of firewood. Small clamps of aroi 
bricks are built. A single firehole runs through tf 
the kiln for the insertion of firewood, as with a typ 
kiln, but the outside of the kiln is surrounded by 
layers of unfired bricks, forming a cavity wall, v 
tinuous cavity which is initially filled with rice I 
husks are also heaped on the top of me clamp 
further insulation. The rice husk eventually burns 
ming part of the fuel for the kiln, but in the initial 
firing its high insulation value reduces heat loss 
kiln, arid ensures a more even temperature d 
(Hill, 1980). 


, witl i 


Small clamp kilns are also used in Viet Nam 
5,000 to 8,000 bricks. These are fired using 
which are moulded from a mixture of coal dusl 
mud. These are set in the brick kiln together wi 
fired clay bricks. About 250 kg of coal dust is usee 
bricks. The bricks have strengths ranging fron 
N/mm 2 (Nguyen Tien Dich, 1987). 


In Zambia, methods of firing clamps without the 
wood are being investigated at the University < 
Experiments are being conducted using bundlec 
grass as fuel, compressed by means of a 
(Meredith, 1987). 


In Northern India, where the Bull’s Trench kiln t» 
is well established, there is extensive experimental 
with various fuels and with adaptive kiln design: 
1086). Traditionally, coal has boon uood ac fuo 
kilns, but in a recent survey of over 300 kilns in 
Territory of Delhi, Gandhi found that less than 
were only using coal; more than 70 per cent 

coal mixed with one or more fuels, usually firev < 

energy consumption of these kilns was about 
higher than those using coal only but the costs v 
A small group of kilns was being fired entirely 
sawdust nr rire husk as fuel Fnergy consumptic n 
kilns was 15 per cent higher than coal-fired 
energy costs were substantially lower. 
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Figure 2.1 Plan oi CBKi nign araugni Kiln 
Source: UNIDO/ILO (1984) 


There are also developmcnte in the design of Bull's T rench 
kilns. The use of fixed chimneys, with a more complex as- 
sociated flue system, was introduced into India about 10 
years ago. This has been shown to reduce fuel consump- 
tion by 1 0 to 1 5 por cent, at a email increase in capital costs. 

Higher chimneys have also been found to improve fuel ef- 
ficiency. Kilns constructed recently tend to have 
incorporated these innovations. 


efficiency, by the use of zigzag chambers. The air path is 
longer, and the draught is forced by means of a fan. A few 
tens of such kilns have been built, and fuel consumption is 
said to be lower by about 25 per cent than conventional 
kilns, but the capital cost is very substantially higher, which 
has so far limited their diffusion (Gandhi, 1986). 



Figure 2.2 The Intermediate Technology Workshop’s pendulum crusher. 
Source: UNIDO/H.O (1984) 


A quite different approach to the problem of reducing en- 
ergy consumption in brick burning is under investigation at 
the Housing and Building Research Institute in Ban- 
gladesh. The addition of about 5 to 8 por cent phosphoric 
acid or similar additives to a clay body has been shown to 
enable phosphate bonds to be formed by firing at tempera- 
tures as low as 400! C for only six hours. Strength and 
density are also higher than for conventional bricks. Phos- 
phoric acid can be manufactured economically as a 
by-product of phosphate fertilizer production. The investi- 
gation is still at a laboratory stage, and the economics of 
production arc not available yet (Haider and others, 1900). 


Processing and moulding equipment 


Two radically different kiln designs have also been de- 
veloped in order to improve draught, and reduce fuel 
consumption. These are the CBRI high draught kiln (Ma- 
jumdar and Hiralal, 1082) (SCO figure 2.1), and the HablaKiln 
(UNIDO/ILO, 1984). Both are designed to increase the ef- 
fective tunnel length, and hence the heat exchange 


While the use of heavy clay soils which are dry when dug 
is necessary in some areas, these soils need crushing. 
Crushing with manual tools is laborious, but mechanically 
powered plant may not be available. The pendulum 
crusher has been developed by Intermediate Technology 
Workshops for this situation, (see figure 2.2). The soil is 
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Equipment manufacturers and 
suppliers 

NETHERLANDS 

Joh’s Aberson bv. 
8120 AA 

AUSTRALIA 

Olst 

Soft mud process moulding equipment 

Automet Industries Pty Ltd 
P.O. Box 68 
88 Beattie Street 
Balmain NSW 2014 
General equipment 

UNITED KINGDOM 

Baird and Tatlock Ltd. 
Freshwater Road 
Chadwell Heath 
Essex 

BELGIUM 

General laboratory equipment 

Sa Samic 
Hanswijvaart 21 
2800 Mechelen 
General equipment 

British Ceramics Service Co. Ltd. 
Brice sco House 
Park Avenue 
Wol stanton 

Newcastle-under-Lyme 

DENMARK 

Staff ST4 8AT 
Kilns 

Niro Atomizer A/S 
Gladsaxevej 305 
DK-2860 Soeborg 
General equipment 

Craven Fawcett Ltd. 
P.O. BOX 21 
Dewsbury Road 
Wakefield 

FRANCE 

Yorkshire WF2 9BD 
General equipment 

CERIC International 
18 rue Royale 
75008 Paris 
general equipment 

Intermediate Technology Workshops 

Overend Road 

Cradlay Haath 

West Midlands B64 7DD 

GHANA 

Crusher, table moulds, handling equipment 

Agricultural Engineers 

Accra 

Trough mixer 

Kilns and Furnaces Ltd. 
Keel© Street 
Tunstall 
Stoke-on-Trent 
Staffs ST6 5A$ 

INDIA 

Kilns 

Raj Clay Products 
5 Mill Officers’ Colony 
Ashram Road 

Navrangpura 

Ahmedabad 380009 
Semi-mechanized equipment 

William Boulton Ltd 

Providence Engineering Works 

Burslem 

Stoko on Trent 

Staffs ST6 3BQ 

General equipment 

ITALY 

UNITED STATES OF AMERICA 

Unimorando Consortium 
Corso Don Minzoni 182 
14100 Asti 

General equipment 

Interkiln Corporation of America 

P.O. Box 2048 

Houston 

Texas 77252 

General equipment 

KENYA 

ZIMBABWF 

Christian Industrial Training Centre (CITC) 

Meru Road 

Pumwani 

P.O. Box 72935 

Nairobi 

crusner, moie mourn 

World Radio Systems 
Bush House 
72-72 Cameron Street 
P.O. Box 2772 
Harare 

Gr usher, table moulds 
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construction 



3.1 Introduction 

Soil is used in construction in a huge variety of ways, but 
this compendium will nonnentratft nn the three predomi- 
nant methods which have the greatest potential for future 
development. These are adobe blocks, pressed-soil 
blocks, and rammed-earth walling. 

Adobe blocks are building blocks formed by making a liq- 
uid mixture or slurry of earth and water, which is poured 
into moulds and then air dried. The blocks may be stabi- 
lized nr reinforced by the addition of bitumen or chopped 
fibre. A wide range of scales of production and levels of 
technology are available. Because of the need for air 
drying, adobe blocks are most commonly used in arid and 
semi-arid climates. Their principal use is as a wallinp ma- 
terial. Generally surface protection is needed to prevent 
erosion by rain. 

Pressed-soil blocks are building blocks or bricks made by 
compaction of a suitable soil in a mould under pressure. 
The moulding process can be carried out at a range of 
scales and levels of technology from simple manual pro- 
cesses to large inteqrated block production plants 
producing thousands of blocks per day. The soil may be 
used unmodified or modified by the addition of a stabilizer 
such as cement, lime, bitumen or resin. Pressed-soil blocks 
have the same range of uses in building as bricks and 
blocks of fired day or concrete, although surface protec- 
tion may be more important in the case of unstabilized 
blocks, or blocks produced by hand-ramming. Pressed soil 
blocks may be used for roofing and flooring as well as for 
walling. 

Rammed-earth walls are formed in place by compacting 
earth or soil between temporary forms. The forms are 
generally of timber, sometimes connected by steel ties. The 
length and height of forms varies between different meth- 
ods; lifting and compaction of the soil may be entirely 
manual, or mechanized. Stabilizers may be used as for 
pressed blocks. Stabilized walls may need no surface pro- 
tection, but unstabilized walls usually need to be rendered. 


3.2 Raw materials 

The raw materials required for soil construction are a suit- 

shift anil and a stahili^ftr whers appropriate This aecrtion 
will summarize available information on the selection of 
soils and the choice of an appropriate stabilizer. 

Soil selection 

Three principal properties of a soil are important in judging 
its suitability for use as a building material. These are its 
grading or particle size distribution; its plasticity, or beha- 
viour when mixed with water; and its behaviour under 


compaction. A variety of test methods is available for deter- 
mining each of these properties. The standard methods 
require the use of standardized laboratory equipment, and 
the precise methods are set out in national standards. 
There are in addition some simplified short-cut methods by 
which soil types may be classified without the use of 
standard tests. 

The grading of a soil is a measure of the distribution of the 
sizes of the individual soil particles it contains. Particle size 
distribution is one of the principal means of assessing 
whether a soil is suitable for use in construction. Soil 
particles are divided into four principal size ranges. 


Table 3.1 . Classification of soils by grain size 


Description 

Grain size 
(mm) 

Gravel 

2.0 to 60 

Sand 

0.06 to 2.0 

Silt 

0.002 to 0.06 

Clav 

Less than 0.002 


Tho proportion of th© finer materials (silt and clay) in a soil 
can be determined by the jar test in which the different pro- 
portions of sand (and fine gravel), silt and clay in a soil are 
approximately determined by the depths of the settlement 
in the bottom of the jar after shaking and allowing to stand 
for given periods of time. This test is very simple to carry 
out but is of rather poor accuracy (Norton, 1986). It is 
usually important to distinguish more accurately between 
the silt and day components of the fine fraction, which can 
only be done with acceptable accuracy by the combined 
sedimentation/sieving method (Norton, 1986, or BS 1377 
or other national soil testing standards). The results of a 

grading analysis may be presented in the form of a particle 

size distribution curve, but for soils which contain no gra- 
vel particles the grading is most commonly stated in terms 
of the proportions by weight of the dry soil falling into the 
sand, silt and clay sizes. This can be plotted on the trian- 
gular chart (see figure 3.1) which is subdivided into 10 
different regions, described as sand, silt, clay, sandy clay, 
loam, day loam etc. The soils most suitable for soil con- 
struction can b© identified by their location on this chart 

(CRATERRE, 1987). 

The plasticity of a soil refers to the extent to which a soil will 

absorb water The tests for this are carried out only on fine 

material. The water content by weight at which the soil 
passes from the rigid to the plastic state (solid but defor- 
mable) is called the plastic limit; the water content at which 
the soil passes from the plastic to the liquid state is called 
the liquid limit. The difference between these two water 
contents is the plasticity index. The standard methods of 
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Figure 3.1 Triangular soil classification chart 
Source: Spence and Cook (1984) 


meaBiiremfint nf thn liquid and plastic limits are the Alter- 
berg tests. The liquid limit and plasticity index can be 
plotted on a plasticity chart (see figure 3.2) which, com- 
bined with the particle size distribution, offers a good guide 
to the selection of suitable soils for use in construction 

The compaction properties of a soil are not directly used in 
soil selection but are needed as a guide to selection of the 
appropriate water content in pressed-block manufacture 
and rammed-earth construction. A given amount of com- 
pactive effort will produce different densities depending on 
the amount of water in the soil. At a particular water con- 
tent. the optimum water content, the density will be 
maximized. The standard compaction test measures the 
optimum water content and the maximum dry density. 

The standard tests referred to above are described in na- 
tional standards such as BS 1 377, Methods of Testing Soils 
for Civil Engineering Purposes. A summary of these tests, 


and of simplified alternative tests which can be u: ed in the 
field for determination of soil properties or direct y for soil 
selection is given by Norton (1986). 

There are different opinions about the soil propo ties con 
sidered appropriate for soil construction, accord ng to the 
experiences of different users. The type and pro| >ortion of 
stabilizer suggested also vary considerably. Th< re are at 
present no generally accepted standards. Table 3.2 gives 
an indication of the ranges of properties and class ifications 
which are likely to be suitable for various uses bas sd on the 
USCS Geotechnical Classification System. Soils \ /ith these 
properties may not turn out to be suitable, and soils uut- 
side these limits are not necessarily unsuitable. Perfor- 
mance tests as described in section 3.4 are a ar better 
guide to the suitability of a soil and should i Iways be 
carried out. The subject of testing and evaluation^ treated 
extensively by CRATERRE (1987). 
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Figure 3.2 Plasticity chart tor soil selection 
Source. CRATERRE (1987) 


Stabilizers 

The most widely used stabilizers are cement, lime and 
bitumen. Organic fibrous materials such as chopped straw 
and cow dung are also sometimes added to adobe blocks. 
Cement acts principally as a hinding agent, forming, after 
hydration, a rigid skeleton within the soil which increases 
its strength and reduces its porosity. Cement is best used 
with cohesionless soils, or soils with a low clay content. 

1 ima is used principally with plastic soils containing rela- 
tively large proportions of clay. It acts in two ways: it 
reduces the plastic and liquid limits of the soil, thus making 
I it more suitable for compaction; and, over a long period, it 
may also combine with some of the clay minerals in a poz- 
zolanic reaction, which will increase strength and reduce 
porosity as cement does. In certain circumstances both ce- 
ment and lime can be used. Bitumen acts as a water 
repellant, reducing the dimensional changes, loss of 
strength and surface erosion associated with wetting. It is 
most successfully used with granular, non-cohesive soils. 
An alternative to stabilization is to temper or modify an un- 
suitable soil by the addition of a proportion of another soil. 
The subject ot stabilizers is treated extensively by 
CRATERRE (1987). The use of bitumen and tempering soil 
for adobe manufacture is discussed by McHenry (1984). 

An indication of the most suitable stabilizer can beubtained 
by means of the plasticity chart. The choice of stabilizer and 
the selection of the appropriate stabiliser content is best 
done by means of trial blocks, with different proportions of 
the chosen (or alternative) stabilizers. These blocks are 
then subjected to performance tests such as those for com- 
pressive strength, resistance to water erosion and moisture 


absorption described in section 3.4, and the stabilizer con- 
tent chosen is the least which repeatedly satisfies all the 
tests. 

3.3 Production technologies 

Each of the three principal methods of soil construction in- 
volves the following production etagoo: 

(a) Excavation and soil preparation; 

(b) Mixing; 

(o) Moulding; 

(d) Curing. 

Soil excavation is normally straightforward. It may be 
nococcary to remove a layer of topeoil or other unsuitable 

material, or restrict excavation to a particular soil horizon. 
Manual or mechanized excavation may be used. After ex- 
cavation the soil will normally need to be dried. This may 
require storage under cover. Some soils will then need to 
be pulverized to ensure adequate mixing of the water and 
stabilizer. Most of the material (except gravel particles) 
should be reduced to less than 5 mm diameter. Pounding 
with a rammer followod by screening, hand- operated pul- 
verizers or powered grinders may be used , according to 
the scale of output. 

The other three steps are carried out differently for each of 

the three methods of soil construction. 


3.3.1 Adobe blocks 


Mixing 

Mixing for adobe production requires the addition of water 
to soil to bring it to a semi-liquid consistency of paste if the 
mixture is to be thrown or poured into the moulds, or a plas- 
tic conGiotoncy if it io to bo oxtrudod. Choppod fibre or 
bitumen emulsion may need to be added. In either case, 
thorough dispersion of the water and stabiliser throughout 
the mass of the soil is essential for a good result. The tradi- 
tional method in many countrioo io puddling in a coak pit 
with the feet, or with the assistance of animals, and this can 
be entirely satisfactory, though highly labour-intensive. The 
use of a pug-mill, which can be human-powered, animal- 
powered or motor drivon, oan groatly reduce the labour. 
Other types of mixing machines such as linear mixers, con- 
crete mixers and planet-wheel mixers have been used with 
success (CRATERRE, 1987) where a soft paste is required. 

Moulding 

Adobe blocks are moulded by throwing or pouring the 

paste into open-bottomed moulds on the ground. At the 
smallest scale of production, a single mould is used 
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Table 3.2. Suitability of soils for .soil construction 



Soil description 

USCS class 

General suitability (without sts 

Clean gravel, well 
graded 

GW 

Not suitable. Fine soil should 
be added. 

Clean gravel pobrly 
qraded 

GP 

Not suitable. Fine soil should 
he flHdeH 

Silty gravel 

GM 

Suitable, but lacks cohesion. 
Erodes easily. Add tine soil. 

Clayey gravel 

GC 

Suitable. Sometimes fine soil 

should b* added. 

Clean sand, well graded 

sw 

Not suitable. Fine soil should 
added. 

Clean sand, poorly 
graded 

SP 

Not suitable. Fine soil should 
be added. 

Silty sand 

SM 

Suitable, but lacks cohesion. 
Erodes easily. Add fine soil. 

Clayey sand 

SC 

Suitable. Sometimes fine soil 
should be added. 

Low-plasticity clay 

CL 

Sometimes suitable. Sandy 
soil should be added. 

Organic silt and clays 
with low plasticity 

OL 

Not suitable. Sometimes 
acceptable. 

Highly plastic clay 

CH 

Rarely suitable. Sandy soil 
should be added. 

Highly plastic silt 

MH 

Very rarely suitable 

Highly plastic organic 
silt and clay 

OH 

Not suitable. 

Peat and other highly 

organic soils 

PT 

Suitable ao aod 


ation) 


Source: CRATERRE (1987) 
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(see figure 3.3). The consistency of the paste is such that 
the block will retain its shape on demoulding immediately 
after casting. For larger scales of production, multiple 
moulds aro ucod. At the largeet ecalo of operation, the 

paste is poured into large multiple moulds from the bucket 
of a front-end loader (see figure 3.4). The blocks are then 
allowed to dry for some time to firm up before the mould is 

romovod. Thic method requires a substantial investment in 

moulds, but achieves a much higher productivity. 
Produced singly, a productivity for a two man team of 500 
blocks per day is possible. Productivity can be increased 

to over 1 ,000 blocks per day through the use of a mechan- 
ical mixer and sufficient gang- moulds for about 500 blocks. 
With a front-end loader and a larger number of moulds, a 
three-man team can prod uce 2,000 or more blocks per day. 

At the most advanced level of technology, integrated pro- 
duction units are available which can produce in excess of 
15,000 blocks per day (McHenry, 1984). Various improved 
systems are under development (see section 3.6). 

Curing 

There are two stages to the drying process for adobe 
blocks. In the first stage, the blocks are left where they have 
been cast until dry enough to handle. I hen they are lifted, 
turned on their sides and the edges cleaned, and left for a 
further drying period. They may subsequently be stacked 
for further drying when sufficient strength has been 
achieved. The length of these two stayes depends un the 
climate and.on the type of soil used. In warm dry climates 
the initial drying may take from two to three days; and the 
second stage several weeks. It is essential that the blocks 
be completely dried before being used. Because of the low 
tensile stress of adobe blocks, a high wastage rate has to 
be anticipated in lifting and transport. They are also very 
vulnerable to any rainfall during the initial drying stage. 



Figure 3.3. Sun-dried block manufacture in single mould. 
Source: Action-aid, Kenya 



Figure 3.4. Adobe block manufacture - large scale operation 
Source : International Foundation for earth construction (IFEC) 


3.3.2 Pressed-soil blocks 


Mixing 

Adequate mixing is vital to the performance or pressed son 
blocks. It is carried out in two stages. First the dry ingre- 
dients are mixed. These may include soils of different 
gradings as well as dry stabilizers, lime or cement. The ad- 
dition ot water (containing any liquid stabilizer such as 
bitumen emulsion) is a separate stage. The water needs to 
be added gradually. Mixing may be carried out satisfactor- 
ily by hand methods, using shovels and watering cans for 
adding water. For a scale or ouipui exceeding a few hun- 
dred blocks per day, mechanized equipment may be more 
economical. Planet-wheel or paddle-type mixers have 
been found suitable, but the ordinary drum-type concrete 
mixer is only suitable Torthe mixing of dry Ingredients owing 
to the formation of lumps and crumbs. Water should be 
added during mixing by means of a sprinkler, mist sprayer 
or (in more elaborate plants) by means of pressurized 
steam. 


Moulding 

The simplest method of moulding is by hand-ramming in 
a wooden or metal mould. The process is almost identical 
to the hand manufacture of concrete blocks, except that 
soil replaces the sand and gravel aggregate, the water eon- 
tent is lower, and heavier compaction is used. The process 
is much more labour- intensive than concrete block manu- 
facture, because of the high compactive effort required. 
The mould also needs to be stronger to resist the buisiiuy 
pressures in compaction. Blocks tend to be inadequately 
compacted and of low strength and durability. 
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Atthe next level oftechnology are the hand presses. These 
use the lever principle to create a mechanical advantage 
and thus increase the compaction pressure. They have 
strong mould boxes, sometimes with several different in- 
terchangeable sizes, a ram which applies the compaction 
pressure, and a means for ejecting the block from the 
mould after compaction. The most widely available and 
used is the CINVA ram described by VITA (1975), but there 
are many variants and imitators, some, but not all, of which 
are improvements. Hand presses are low-cost, simple to 
construct and maintain, and easily transported from site to 
site. The compaction ratio (volume of uncompacted soil to 
compacted block) is about 1 .65, and should not be lower 
than this. The compaction pressure is about 15 to 20 
kg/cm 2 , and outputs of around 300 blocks per day or 
above are normally achieved. 

At a higher level of technology, there are a number of mo- 
torized presses which have become available relatively 
recently. The action is similar to the hand presses, but the 
compaction and ejection of the block is powered by a pe- 
trol or electric motor. Some require the mould to be 
hand-filled for each block, others incorporate a hopper 
feed mechanism. Pressures are generally a little higher than 
for manual presses, between 20 to 40 kg/cm 2 . Outputs be- 
tween 400 and 1 ,500 blocks a day are typical. Costs are 
substantially higher than for hand presses, energy costs in 
production are significant, and unreliable performance has 
been reported from some machines. The output of these 
presses depends on the production of the previous non- 
mechanised operations of soil preparation and mixing. 

At a still higher level of technology are integrated produc- 
tion units in which part or all of the preparation of the soil 
is contained within the process. Some of these are mobile 
production units, which can move from site to site: these 
have outputs ranging from 2000 to 6000 blocks per day. 
Others are fixed industrial production units, with outputs up 
to 30,000 blocks per day. Though they have been used in 
developing countries, their economic viability is doubtful. 

Summaries of the different press types and their character- 
istics is given by CRATERRE (1987). The subject has also 
been discussed by Mukerji (1986), and UNIDO/ILO (1987). 
At present no international standards for moulding equip- 
ment are available. Norton (1986) suggests that the 
compaction ratio should not be less than 1.65, and that a 
compaction pressure of 10 kg/cm 2 is the bare minimum, 
and that 20 kg/cm 2 or more is acceptable. 


Curing 

The appropriate method of curing depends on the stabi- 
lizer used. If either cement or lime is used it is essential to 
keep the blocks moist for a period of at least one week, or 
two weeks in the case of lime, otherwise the hydration re- 
action will not be completed, the blocks will lack strength, 
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and the important outer layer will be porous 
durability. Thus protection from direct sunlight 
winds is essential. Initially blocks should be laid 
flat clean surface. After 24 hours they can be stac^i 
the wet curing is completed, it is advisable to 
blocks to dry out so that all shrinkage has taken 
fore they are built into a wall. This may be 
shrinkage will not be a problem. If bitumen has 
as a stabilizer, the blocks can be dried in the opi 
four or five days in a hot arid climate, but longer ii 
or humid. 


3.3.3 Rammed-earth walling 


Mixing 

The soil preparation requirements for rammed-eferth wall- 
ing are exactly the same as for pressed-soil blocks , and the 
same equipment may be used. Since rammed-e irth walls 
are generally thicker than pressed-block walls, t ie quan- 
tities involved may be larger. Transport and lifting of the 
mixed soil to fill the moulds is lahour-intensiue a id some 
mechanization may be beneficial. 


Moulding 

Formwork for rammed-earth walling is generally made of 
timber, although other materials have been used The soil 
is compacted between an inner and outer leaf, ea :h about 
1 .5 to 3.0 m long and between 0.5 and 1 .0 m hig i, held at 
the correct distance apart, and connected by stiong ties. 
The mould or formwork has to be strong enoug i to with- 
stand the considerable pressures resulting from 
compaction, and flexible enough to accommodat i walls of 
different thickness and configuration, to be easily disman- 
tled and reassembled for adjacent sections and higher 
layers of the wall, to form external and internal cor ters, and 
to permit the construction of window and door c aenings. 
Numerous traditional systems are in use in differ* nt coun- 
tries, and some proprietary and innovative designs are 
available. The more advanced designs incorporat 3 various 
devices for speeding dismantling and reassembly see sec- 
tion 3.6). 

Compaction can be carried out either manually br with a 
powered rammer. Manual rammers or tampers c onsist of 
a rod about 1 .5 m long with a heavy head of steel or wood, 
the whole tool weighing between 7 and 10 kg. lowered 
tampers of the impact tvpe are suitable. These a e driven 
by air compressors. The rate of compaction is ir creased, 
but the equipment is expensive and suitable onl} for high 
volume production. With manual compaction in n loulds of 
standard size, a team of three or four can build a oout 3 to 
4 m3 per day. With larger moulds and mechanical compac- 
tion, the same sized team can build up to 20 m 3 jer day. 
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Curing 

Curing or drying of a rammed-earth wall should be slow to 
avoid cracking. The walls should be sprayed with water, or 
wrapped in plastic or covered with grass screens to prevent 
rapid drying. 

Details of different types of formwork and methods for 
rammed- earth walling are given by CRATERRE (1987), 
McHenry (1984), Easton (1982), and Norton (1986). 


3.4 Performance standards 

Few countries have formulated specific standards for soil 

construction. Among those that have are India (IS: 1725- 
1960, and IS:21 10-1962, for soil-cement blocks and 
rammed-earth walls) and Peru (ITINTEC 
331.201 /202/203-1978 for adobe walls). Various manuals 
have proposed standards for particular tests and there is 

general agreement about some of the basic properties 
which should be considered. Standards are discussed by 
CRATERRE (1987), UNIDO/ILO (1987), Norton (1986), and 

McHenry (1984). 

For all types of soil construction, the important properties 
to be considered in formulating standards are compressive 
strength, water absorption and weather resistance. Tor 
brick and block manufacture, dimensional accuracy 
should also be specified. 

The water absorption test is to measure the porosity of a 
masonry unit. Porous building blocks will allow water to 
penetrate the wall, will tend to expand and shrink seaso- 
nally, and have reduced durability. It is especially important 
to prevent water aosorption in son construction wnere mere 
is a significant clay content. The water absorption of an in- 
dividual block is most accurately measured by oven-drying 
the block for 24 hours and then weighing it; the block is 
men immersed tn water tor a turtner 24 nours ana re- 
weighed. The water absorption is the difference in weight 
expressed as a percentage of the dry weight, averaged 
over a sample of five blocks. An upper limit of 15 per cent 
has been proposed, out aweli-stabilized block should have 
a water absorption not exceeding 1 0 per cent. If an oven is 
unavailable, water absorption may be calculated by com- 
parison with the air-dried state. In this case the limit should 
De lower; Norron(i9Sb) nas suggested a limit of 4 per cent. 

A compressive strength test is required in order to ensure 
that a soil wali is able to sustain its load without failure or 
local crushing ai points of high stress. Compressive 
strength is normally an indication of durability also. The 
compressive strength of soil blocks is measured in the la- 
boratory by a compression testing machine of the type 
used for testing concrete. If a stabilizer is used, it is normal 
to carry out the test at an age of 28 days. The block is im- 
mersed in water for 48 hours before testing. The highest 


stress reached is recorded, averaged over a sample of five 
blocks. Norton (1986) and UNIDO/ILO (1987) give details 
of simplified compression testing devices which can be 
constructed in the field away from a testing laboratory. 
These are unable to provide a load large enough to fail a 
full-sized block, so a smaller sample has to be used. They 
are, therefore, not very accurate. For use in single- or two- 
storey buildings, minimum strengths between 10 and 20 
kg/cm2 are proposed. If the wall is to be protected from 
water or used in an arid climate, a measure of the dry 
strength may be more appropriate. A minimum of 21 
kg/cm2 has been proposed. 

The weathering resistance of a pressed soil block may be 
measured by a water spray test, or by the more severe ab- 
rasion test. In areas which are subjected to frost, a 
freeze-thaw test might also be needed. In the water spray 
test, the block is subjected to a specified water spray under 
pressure for a period of two hours. The block is then in- 
spected for any sign of deterioration (UNIDO/ILO. 1987). In 
the abrasion test, a block is subjected to 12 cycles of wet- 
ting and drying for specified periods, followed by wire 
brushing to remove loose material. The weight loss is then 
determined. A maximum of 10 per cent weight loss based 
on the initial oven-dry weight has been suggested, but this 
test is unduly severe for many climates and uses of soil. 

For rammed-earth walling these tests may be carried out 
either on a sample cut from a completed section of wall, or 
on a specially made test block, which is compacted to the 
same density as the wall. 

Other tests which have been used include: 

(a) Modulus of rupture test: a block is supported at its 
ends and subjected to a point load at the midpoint until fai- 
lure occurs. For stabilized soil blocks a minimum average 
tensile stress of 2 kg/cm2 based on three blocks has been 
proposed. The test is not appropriate to unstabilized 
adobe, which will have a much lower tensile strength; 

(b) Specific density test: the dry and wet densities of 
blocks and samples are measured. Minimum values of 
1700 kg/cm2 and 1870 kg/cm2 for the dry and wet states 

for stabilized soil blocks have been proposed (CRATERRE, 
1987); 

(c) Surface appearance: various limitations on edge and 
surface appearance and dimensional variations have been 
suggested (CRATERRE, 1987, UNIDO/ILO, 1987). 


3.5 Uses in construction 


Adobe blocks 

Adobe blocks are commonly of larger plan dimensions than 
pressed-soil blocks. A length of 350 to 400 mm is common 
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with a width just under half the length. Walls built with adobe 
blocks have a thickness of at least one block length, and 
are laid with alternate courses of headers and stretchers, 
with the vertical joints overlapped. The mortar used in con- 
struction is normally the same soil as is used for making 
the bricks. The foundation needs careful consideration as 
it must protect the base of the wall from water-erosion and 
distribute the load to the ground evenly to prevent differen- 
tial settlement. The top of the wall will generally support a 
wall- plate, bond beam or ring beam on to which roof loads 
will be transmitted. The design of the ring beam is particu- 
larly important in earthquake areas. Design aspects are 
covered by Norton (1986), CRATERRE (1987) and 
McHenry (1984). Adobe walls will normally be protected by 
a surface render. Renders are discussed below. 


Pressed-soil blocks 

Pressed-soil blocks can be used in a similar way to other 
masonry materials such as concrete blocks and burnt-clay 
bricks. Dimensions vary, but a plan size of 290 by 140 mm 
is common to a number of machines, with a thickness of 
90 mm. The standard wall thickness is equal to the brick 
length, Put tor small nouses in climates witnout tempera- 
ture extremes, a single leaf wall can be used. Mortars may 
be of soil or soil-cement, or any of the standard mixtures 
(see section 4.5.2). It is important that the mortar should 
not be stronger than the blocks, otherwise cracking will 
occur; for this reason lime or lime-pozzolana mortars are 
preferable to cement-based mortars. If the blocks are well 
stabilized, it may not be necessary to render them; but un- 
stabilized blocks should always be protected by a render 
of one of the types mentioned below. 


Rammed-earth walling 

The thickness of a rammed-earth wall depends on both the 
soil and the climate and is usually determined by local tradi- 
tion. Thicknesses varying from 300 mm to 500 mm are 
common. Shrinkage during drying can be a common prob- 
lem, which can lead to vertical cracking and structural 
instability, particularly if the soil has a substantial amount 
of clay in it. For thi3 reason tho occtiono of wall in ouccoGcivc 
layers are often built in such a way as to stagger the verti- 
cal joints. Asymmetrical corner formwork is one device 
used to achieve this. Foundations and ring beams need to 
be dealt with ae for adobe walls. Thee© design matters are 

discussed by CRATERRE (1987), Norton (1986) and 
McHenry (1984). Rendering will normally be required, and 
is discussed below. 


Renders 

Renders for soil walls need to be carefully considered to 
ensure adhesion and limit subsequent cracking, spalling 
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and disintegration. Cement-based renders are too 
most situations and do not adhere well. For well- 
walls of pressed blocks or rammed earth, a cen> 
render may be used if a sufficient period of 
drying has been allowed. External renders basi 
ment, lime and pozzolanas are discussed in sect 
In most other situations an earth- based render 
able. The durability of earth plasters can be impfi 
the addition of fibrous material such as cowdung 
hair, or by the use of bitumen, or the addition of 
preparation of the wall for the application of a rem 
ding a key of wooden pegs, broken tiles or project 
will improve adhesion of these renders. Other surf u 
merits are painting with thin lime or cement 
protection with matting or facing with a more dui 
terial. There are also numerous traditional local re 
earth walls based on local plants or animal product 
interesting innovations in the rendering of earth 
discussed in section 3.6. In general, renders for e« 
can be expected to require some maintenance arid repair, 
particularly in climates with a high rainfall. The s jbject of 
renders for earth walls is discussed by Nortor (1986), 
CRATERRE (1987), and McHenry (1984). Traditi >nal ren- 
ders are described by Schreckenbach and ^bankwa 
(1984). 
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3.6 Innovations 

technology 


in soil-construct on 


In recent years there has been an enormous upsiJ-ge of in- 
terest in soil-construction technology worldwide. I lesearch 
institutes have undertaken projects, and dev< lopment 
agencies have been particularly effective in impli meriting 
application projects. Manufacturers have followi d with a 
wide range ot new equipment, much or it unpro /en. I he 
manufacture of pressed-soil blocks has been a su >ject par- 
ticularly rich in innovation, and there have been < dvances 
in adobe blocks, rammed-earth walling and othe aspects 
ot soil-construction Technology. 


Adobe blocks 


< f 


In »i 
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A comprehensive study of the manufacture 
blocks has been made by the International 
Housing Technology at Fresno. California, leadir 
cedures for stabilizing with bitumen (or asphalt) 
established practice in adobe brick manufactiii 
south-western United States. Developments 
manufacture have been largely in the organizatic 
duction to improve output. The Hans Sumpf Coi n| 
Fresno has developed an integrated production 
with a loader-conveyor to load a screw-type pug 
tinuously; the output of this is transport 
self-propelled moulding machine which moves 


s af ii 


adobe 
stitute of 
g to pro- 
lis is the 
e in the 
adobe 
n of pro- 
ipany of 
process, 
mill con- 
to a 
>ng aline 


tad 


18 


Soil Construction 


of moulds on the ground, filling and sereeding them. The 
operation is capable of producing 1 5,000 to 20,000 blocks 
per day. 

In other countries, bitumen is not easily available for stabili- 
zation) especially in rural areas, and studies of other 
materials have been made. At Istanbul Technical University 
it has been shown that the addition of 10 per cent eemi hy 
drate gypsum plaster improves the compressive and 
flexural strength by a factor of 2 or 3, and reduces shrink- 
age by a factor of 3 or 4, while also reducing demoulding 

and curing times. Some demonstration houses hase been 

built for long-term durability testing (Kafesoioglu and 
others, 1983). Research at Middle East Technical Univer- 
sity into the properties of soils and stabilizers used in 

Turkey including straw has ted to the establishment of soil 

selection procedures and a standard Code of Practice for 
adobe block manufacture (Erdogan,1987, and Turkish 
Standards Institute, 1977). 

Procedures for manufacturing sun-dried earth bricks have 
been developed by Action-Aid, Kenya, which involve the 
use of a mortar reinforced with cowdung. A manual de- 
coribing tho procooo hao boon publiohod (Aotion Aid, 

undated). 


Pressed soil blocks 

One fruitful field of research has been to extend the range 
of soils which can be effectively stabilized using manual 
block pi esses end economical stabilizer contents. In India, 
the Structural Engineering Research Centre at Madras has 
developed a process for stabilization of laterite with lime, 
by means of a period of curing at temperatures of around 
100 n C. The blocks are said to have wet compressive 
strengths between 50 and 150 kg/cm 2 , water absorption 
around 12 per cent, and very good accuracy of moulding 
and dimensional stability (Subrahmanyam and others, 
1953). Lateiilic soils have also been investigated in Nigeria 
(Akinmusuru, 1984), the United Republic of Tanzania and 
in Zambia (Spence, 1971). In Kenya, the most effective way 
to stabilize a wide range of soil types was investigated, in- 
cluding murrain and black cotton soils (Katereyya, 1983). 

This work demonstrated that, using the BREPAK block 
press, a mixture of 70 per cent black cotton soil with 25 per 
cent sand and 5 per cent lime could be used to produce 
well-stabilized blocks. In Mayotte, a mixture of 30 per cent 
local earth and 70 per cent laterite is stabilized with 9 per 
cent cement in a well established block production process 
which had produced 3.5 million blocks by 1985 
(C3TB,1960). The Building Research Institute, Jamaica, 
has shown that bauxite waste or red mud can be success- 
fully stabilized with the addition of 7 per cent cement 
(Building Research Institute, 1985). Fibre reinforcement for 
stabilized soil blocks has been investigated in Nigeria (Kin- 
musuru,1981), and the use of rice- husk ash as a stabilizer 
has been investigated by the Housing and Building 


Research Institute in Bangladesh. CITADOB, a Belgian 
company, has developed a waterproofing additive, which 
can replace cement as a stabilizer, with a claimed improve- 
m«nt in water reeietanco. Tho procooo io known ao 

STABIADOB. 

The development of blockmaking machinery has been 
vory rapid in rooont yoaro. Sovcral reviews hove been pub- 
lished (Mukerji 1986; UNIDO/ILO.1987; CRATERRE, 
1987). The principal aims of these developments have 
been to improve compaction pressure or to increase pro- 
ductivity or both, without losing tho oooontial oharaotoriotica 
of robustness and portability. Many of the manual presses 
are developments of the CINVA ram. The Tek-block press 
developed at the University of Science and Technology in 
Ghana has a compaction pressure of 15 kg/cm 2 , and pro 

duces blocks of dimensions 290 mm by 215 mm by 140 
mm; a production rate of 1 75 blocks a day is achieved by 
a five-man team. The Astram press developed by the 
Centre for the Application of Science and Technology to 
Rural Areas (ASTRA) in India, has a compaction pressure 
of 50 kg/cm , and produces blocks of dimensions 300 mm 
by 145 mm by 100 mm or 300 by 230 by 100 mm. The 
CETA-ram, developed by the University of San Carloe, Gu 
atemala, produces perforated blocks of overall dimensions 
320 mm by 1 52 mm by 1 1 0 mm with two 60 mm diameter 
holes passing through the thickness of the blocks. Hollow 
blocks are also produced by the CITADOB PTC-1 press. 

The BREPAK (see figure 3.5), developed by the United 
Kingdom Building Research Establishment, uses a 




Figure 3.5 The BREPAK soil block press 
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hydraulically-assisted manually-operated lever to achieve 
a much greater compaction pressure of 100 kg/cm 2 . This 
can achieve high-quality blocks with limited stabilizer con- 

tnntft, hilt at th« expense of a somewhat lower rate of 

production (UNIDO/ILO, 1987). 

The CRATERRE press (see figure 3.6), developed in Peru 
in conjunction with ININTEC, hoc a oompaction proccuro 
of 1 5 to 20 kg/cm 2 ; the blocks have dimensions of 280 by 
280 by 80 mm, with or without indentations to assist bond- 
ing, a size similar to traditional adobes. A production rate 

of 1 20 blocks per hour ic claimed. 



Another development has been the appeal ance uf numer- 
ous commercially produced power-assisted block presses 
for increased levels of productivity. The claimed production 
rate and cost of some of these is given in by CRATERRE 
( 1987), They have warned, however, that some of the ma- 
chines on the market have not been subject to very 
extensive field testing, and have proved unreliable in prac- 
tice. 

A further interesting innovation has been in industrial pro- 
cesses to produce stabilized soil blocks on a large scale. 
The Latorex process developed by Drostholm Products, 
and the Latobiock process developed by the Structural En- 
gineering Research Centre, Madras both use lime 
stabilization of lateritic soils in conjunction with a high tem- 
perature curing regime. Precise details of the processes are 
unavailable but a very low energy input per block is 
claimed. The two processes produce blocks at a level of 
12,000 and 5,000 blocks per eight-hour day respectively. 
Equipment for large-scale block production is also mar- 
keted by Torsa Maquinas y Equipamenxos of Sao Paulo 
(Supertor) and Equipamentos Meccanicos Ltda of Brazil 
(Tecmor). A range of scales of production and different 
sizes of product, including roof tiles, can be produced. 

At the other end of the scale, there have been projects in 
which stabilized soil blocks have been made without the 


use of a block press, using manual compaction only. The 
process is well- established in squatter upgrading schemes 
in Zambia, where it was pioneered by the Americ* n Friends 
Service Committee after earlier experimentation with the 
CINVA ram (CRATERRE, 1987). A soil- cement nixture is 
compacted in a steel block mould similar to thos ! used for 
concrete block-making (see figure 3.7). The com taction of 

the blocks produced this way is often very poor, but it ie a 

process suitable for the self-help builder. A simila process, 
using wooden moulds, has been pioneered by i .ction-Aid 
for use in rural building projects in Kenya and Si negal. 



Figure 3.7. Stabilized soil block manufacture- hand ram 
Source: Spence and cook (1984) 


Manuals on stabilized soil block-making have t een pub- 
lished by VITA, ITDG, Action-Aid, the Comm ssion for 
Technical and Vocational Training, Zambia and the Inter- 
national Foundation for Earthen Construction 


Rammed-earth walling 

Innovations in rammed earth walling technology have been 
principally concerned with the design of the ormwork. 
Traditional systems, though simple to construct, are small, 
and output is slow because of the need to mov< them fre- 
quently. 

An early innovation in shuttering was the rollingjformwork 
developed at CSIR0 in Australia by G.F. Midd eton (see 
figure 3.8). Tall struts extending beyond the forrr eliminate 
rhe need for through bolting at the bottom uf th« fuun, rol- 
lers at each end enable the formwork to be shifl 3d rapidly 
into place for the next section of walling (MiddlelDn, 1975). 
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Figure 3.8. Rammed-earth construction - the rolling mould 
Source: Middletown (1973) 


Formwork suitable for easy construction, assembly and 
dismantling and for volume production has been de- 
veloped by the Earth Re sources Technology Center in the 
United States, (see figure 3.9). It uses plywood sheets, wal- 
ings from standard softwood timber sections, and small 
diameter steel pipe and standard furniture clamps or "pony 
damps' for connections. The formwork extends the full 
height of a single-storey wall, divided vertically into two 1 .2 
m lifts, and has a length of 1 .2 m. This enables a complete 
door frame assembly to be incorporated within a single 
mould. The moulds are strong enough for heavy mechan- 
ical tamping to be used, and allow production at a rate of 
20 tons per day. 

CRATERRE, Peru, has developed a formwork system 
based on observation of the traditional Andean earth-buil- 
ders. Its side panels have dimensions of 1 .8 m long by 0.55 
m high, which are connected by 25 mm dia. through bolts 
secured by wing-nuts. It has been used in numerous com- 
munity projects (CRATERRE, 1984) (see figure 3.8). 

The agencies, Centro Sinchaguasin and Funhabit, in rural 
Ecuador have developed a modified traditional formwork 
system for use in reconstructionafterthe March 1987 earth- 
guake. It was noticed by the survivors that a weakness of 
the traditional rammed-earth wall was that it permitted a ver- 
tical crack to develop at the corners, allowing separation 
and overturning of the walls. A modified asymmetrical cor- 
ner formwork was designed (see figure 3. 1 1 ) which enables 
the corner Joint to be staggered and improves the corner 
bonding between walls. This can be made by local 


craftsmen. The internal corner is chamfered to reduce the 
stress concentration and other improvements are incorpor- 
ated. 



Other developments 

There have been a number of innovations concerning 
methods for the protection of earth walls. The Central 
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Building Research Institute at Roorkee in India has de- 
veloped a waterproof plaster. A mixture of soil and straw is 
first prepared, then mixed with water and left to soak. 



Figure 3.10. Rammed -earth construction- the CRATERRE mould 



Source: Centro Sinchaguasin 
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A 5 per cent addition of bitumen cut-back (80/ 
bitumen mixed with kerosene oil and paraffin 
1 00:20: 1 ) is mixed with the plaster just before usii 
ur, 1987), A number of innovative treatments are 
by Norton (1986), including the use of thin first • 
as a facing layer. The tiles are inserted into the 
fore the bricks are moulded. They incorporate lufc: 
a bond between the two materials (GRET, 198 > 
Sinchaguasin in Ecuador has developed a lime- 
der suitable for rammed-earth walls by blending 
proportion of PVA woodworking glue, and a 
protecting the tops of free-standing walls with a 
soil coping (see figure 3.12). 
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Figure 3.12. Earthen-wall protection in Ecuador 
Source-. Centro Sinchaguasin 


The Development Workshop has developed a 
improving the earthquake resistance of earth 
onotruction after the 1 083 earthquake in north-we 
The walls were built in the traditional way, but rein 
ternally and internally with a lattice of vertical and 
tal bamboos after plastering (see figure 3.13). 
for using external reinforcement is that rotting is 
If the bamboos are left visible, they can easily 
and replaced when needed. (Norton, 1987) 
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At the Asian Institute of Technology, Bangkok, Professor 
Bruce Etherington has developed the LOK-BILD soil block 
construction system (see figure 3.14). The syster i consists 
of interlocking dry-laid concrete or soil-cement b ocks with 
precast-concrete floor joists which interlock into the walls. 
The system combines ease of fabrication v ith good 
strength and durability. It has been demonstrat id in pro- 
jects in Malaysia, the Philippines and Thailand Etherinq- 
ton, 1987). 
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figure 3 . 14 . ine uok-bild soh-diock consxruaton system 


Figure 3.13. Strengthening earthen walls to resist earthquakes 
Source: Norton (1987) 
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PARAGUAY 

CTA 

Facultad de Ciencias y Tecnologia 
Universidad Catolica 
Asuncion 
CTA block press 

PERU 

CHAierre perou 
Apartado Postal 399 
Huancayo 

CRATerre Perou block press 


l INITFn KINGDOM 

Welding Industries Ltd 
Blackswarth Road 
Bristol BS5 BAX 

BHhHAK MUfTIDlOK 

ZORA Company Ltd 
112 Power Road 

London W4 5PY 
ZORA powered block press 


UNITED STATES OF AMERICA 


SWITZERLAND 

Consolid AG 
Aechelistrasse 18 

CH-9433 HowiLiiuyy 3G 

CLU 3000 powered Integrated block press 

ETH-Honggerberg 
Institut fiir Hochbautechnik 
8093 Zurich 
Satumia 

Meili Engineering 
Gewerbe Centre Rothaus 

CH-8635 Durnten 
MEIU-60 manual block press 

Maro Enterprise 
y5/a route de buisse 
Maro manual block press 
D.Sehmidheini 
Berg 

CH-9436 Baloach SG 
E COBRICK 1000 mobile block production unit 


Earth Technology Corporation 
175 Drennen Road 
Orlando, FL 32806 
TERRABLOCK Duplex 

Hans Sumpf Adobe Co 

Fresno 

California 

via I PEG 

3282 Theresa Lane 
Lafayette CA 94549 
Hans Sumpf adobe process 


ULTRABLOC 
P.O. Box 1363 
Corrales, NM 87048 
Ultrabloc 
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4.1 introduction 

The term low-cost binders refers to materials other than 
Portland comont, which havo oomontitioue proportioc {that 

is to say, they have the property of binding concretes, mor- 
tars etc), and which in certain circumstances can be 
produced and made available more cheaply. These materi- 
al© have in oommon tho uco of simple processing 
technologies (compared with Portland cement produc- 
tion), and in many cases the potential for lower energy 
consumption; in addition, they make use of widely avail- 
able raw materials. This compendium will deal with four 
types of low-cost binding materials: lime, lime-pozzolana 
mixtures, blended cements, and gypsum piaster. 


4.1.1 Lime 

Lime is a material derived from limestone or other forms of 
calcium or magnesium carbonate. For building purposes 
it is normally purchased in the form of a fine powder, dry 
hydrated lime, though it is also sometimes sold mixed with 
water in the plastic state as lime putty. Its uses in building 
are as a binder in mortar, usually though not always in com- 
bination with Portland cement or pozzolanas, for sand-lime 
brick production, for soil stabilization, and for plasters, ren- 
ders and washes. 

Lime has many non-building uses, notably in the chemical, 
metallurgical and food industries, in water and waste treat- 
ment, and in agriculture. Lime is manufactured from 
limestone by burning the raw material in a lime kiln to pro- 
duce quicklime. Quicklime is then slaked or hydrated by 
the addition of water to produce hydrated lime. 


4.1.2 Pozzolanas and blended cements 

Poiiolanac arc siliceous materials which on their own have 

little or no binding property, but when mixed with lime in 
the presence of water, will set and harden like cement. The 
most commonly used pozzolanas are volcanic ash (or 
trass), - a naturally occurring pozzolana; fly ash, rice-husk 
ash, and calcined clay (orsurkhi), all artificial pozzolanas. 
Other materials such as bauxite waste, diatomite, and 
opaline chert have been found in the laboratory to have 
ponolanic properties, but have been little exploited in 
practice. Pozzolanas are used in two ways. They can be 
used in lime-pozzolana mixtures, substituting for cement in 
a wide range of building applications, including 

mortars and plasters (for which their properties are particu- 
larly suitable), block making and low-strength concretes. 

Pozzolanas can also be used to make blended cements, 

by intergrinding them with Portland cement clinker in suit- 
able proportions. The resulting Portland-pozzolana 
cements have a range of properties according to the type 


of pozzolana, the proportions used and the processing 
employed. At best, they can achieve in every respect the 
physical properties of Portland cements. Some other ma- 
terials. also referred to as blended cements, are 
manufactured by blending or intergrinding Portland ce- 
ment powder or clinker with inert materials such as 
limestone. These materials, properly referred to as ma- 
sonry cements, are manufactured primarily for use in 
mortars and renders for masonry work, and have a lower 
strength and rate of strength development than Portland- 
pozzolana cements. 


4.1.3 Gypsum 

Gypeum piaster is a traditional product made from heating 

mineral gypsum, (which can be from natural or by-product 
sources), which is used as a wall and decorative render for 
buildings, and as a binding material to make mortars and 
concrete. 

H eating raw gypsum causes a chemical reaction in the gyp- 
sum which changes it from hydrous calcium sulphate, to 

calcium hemi- hydrate. This process is known as calcining 

and the resulting hemi-hydrate is gypsum plaster. The 
chemical change is reversed simply by adding water. The 
hemi-hydrate reverts to hydrous calcium sulphate and sets 

by re-establishing a crystalline matrix, which forms the 
bonding power of gypsum. 


4.2 Raw materials 
4.2.1 Lime 

Limestone suitable for lime-burning occurs in a wide var- 
iety of forms. The most common is consolidated 
sedimentary limestone, but in certain circumstances other 
forms can be used. These include sea shells and coral, 
chemically precipitated limestones such as travertine, and 
marble. Dolomite and dolomitic limestones can be used if 
special attention is given to hydration. Argillaceous lime- 
stones can be used to manufacture a hydraulic lime which 
is ideal for use in mortars and plasters, but unsuitable for 
some other uses. 

The suitability of a limestone as a raw material for lime-burn- 
ing depends on its chemical composition and its pnysicai 
properties. A high proportion (i.e. more than 90 per cent) 
of calcium carbonate is desirable for most uses but is not 
necessary if the lime is to be used only for mortars and plas- 
ters. A proportion of magnesium carbonate is acceptable 
if autoclave hydration is to be used. Other impurities such 
as silica, iron- bearing minerals, carbon, phosphate and sul- 
phur can be tolerated within certain limits. 
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For most small-scale kilns, the physical nature of the stone 
needs to be such that it will break into lumps of roughly 
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equal dimensions when being prepared for the kiln and will 
remain as lumps until it leaves the kiln as quicklime. To 
achieve this, the raw material needs to be a fairly hard lime- 
stone that resists abrasion, has uniform porosity, is 
massively bedded and jointed rather than flaky, and is able 
to withstand rapid temperature changes without breaking 
into small pieces (decrepitating). 

The assessment of raw materials for lime-burning is a mat- 
ter for a specialist geologist. National geological survey 
departments normally have experience, and because of 
the importance of limestone as a raw material for industry 
end building, preliminary surveys of many deposits may 
have already been carried out. The geologist will need to 
know the expected scale of output over a number of years 
and any limitations on the location of the kiln. Small-scale 

burning trials should always bo done in addition to labora- 
tory investigations to test the performance of the stone 
under firing conditions. Raw materials assessment is dis- 
cussed in detail by Hill in Wingate (1985). 


4.2.2 Calcined-clay pozzolana 

The raw material required for caloinod-clay pozzolana is a 
suitable clay. Since the initial processes for the manufac- 
ture of burnt clay bricks and clay pozzolana are identical 
(and clay pozzolana was traditionally derived from pulve- 
rizing brioko and tiloo), briok- and tilomaking clayc aro ofton 
suitable. The chemical composition (on an oven-dry basis) 
of some clays which have been found suitable in India con- 
form to the requirements shown in table 4.1 . 


T able 4.1 . Chemical composition of some clays suitable for 
use in calcined clay pozzolana 


Constituents 

Contents by weight 

Silica + Alumina + Iron oxide 

Si 02 + Ab O 3 + Fe 2 O 3 Not less than 70 per cent 

Silica (SI0 2 ) 

Not more than 40 per cent 

Calcium oxide (CaO) 

Not more than 10 per cent 

Magnesium oxide (MgO) 

Not more than 3 per cent 

Sulphur trioxide (SO 3 ) 

Not more than 3 per cent 

Water-soluble alkali 

Not more than 0.1 per cent 

Water soluble material 

Not more than 1 per cent 

Loss on ignition 

Not more than 10 per cent 

Source: IS: 1344-1981 


4.2.3 Fly-ash pozzolana 

Fly ash is a finely divided residue resulting from the com- 
bustion of ground or powdered bituminous coal or lignite, 
which has been extracted (by cyclone separate ■ or elec- 
trostatic precipitation) from the flue gases of be ilers fired 
by these fuels. It is generally obtained as a wast i material 
from thermal power stations or other industrial pi ints. Bot- 
tom ash from boilers is not suitable. Standarc s require 
certain chemical and physical requirements. Inc ian Stan- 
dard IS: 3812-1981 specifies the chemical requirements 
shown in table 4.2. 


Table 4.2. Chemical composition requirement 
pozzolana 


or fly-ash 


Constituents 


Contents by weigf t 


Silica + Alumina + Iron oxide Not less than 70 per cent 
(Si0 2 + AI 2 O 3 + F 62 O 3 ] 

Silica (SiOd Not less than 35 

Magnesium oxide (MgU) Not more than 5 

Sulphur trioxide (SO 3 ) Not more than 2 

Available alkali Not more than 1 .5 

Loss on ignition Not more than 12 


r cent 
ir cent 
per cent 
per cent 
tar cent 


7 i 


Soutre: IS:3SL2-1981 


4.2.4 Rice-husk ash pozzolana 


The use of rice-husk ash as a pozzolana is a rela i 
development, and to date no formally approved 
exists. Rice-husk ash is derived from rice husks 
material obtainable at rice mills. One process 
of rice husk ash obtained from burning rice husk 
the production of parboiled paddy. This leads to 
variable quality. More recently developed procei : 
used specially designed incinerators for burning 
quality of the ash is improved, but the energy 
lost. The ash of fully burned rice husk is over 
silica. I he ash from burning other agricultural w; 
as rice straw and bagasse is also suitable, though 
centages of silica in the ash and the ash conten : 
be lower than for rice husk ash. 
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4.2.5 Volcanic-ash pozzolana 

A wide variety of volcanic materials have been usi id as poz- 
zolanas. Physical and chemical requirements d ipend on 


Raw materials for calcined clay pozzolana should also be 
free from coarse sand or gravel, greater than about 0.60 
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the processing and end use proposed and no generally 
agreed standards exist. Volcanic-ash pozzolanas usually 
have chemical compositions within the limits shown in table 
4.3 (Spence and Cook, 1984). 


Table 4.3. Typcal chemical composition of volcanic 
pozzolanas 

Constituents 

Contents by weight 

Silica (SiCy 

45-65 per cent 

Alumina + Iron oxide 
(AI 2 O 3 + Fe 2 C> 3 ) 

15-30 percent 

CaO + MgO + alkalis 

15 per cent 

Loss on ignition 

Up to 12 percent 


Their physical condition may range from loose fine materi- 
al to coarse deposits containing large dopen-textured 
pyruulasts and glassy fragments. Depuaits may bo loose 
or cemented. Often transportation by water after deposition 
will have sorted the ash by size to some extent, which will 
make extensive exploration to find the most active or eas- 
ily worked material wuilliwliile (Alien and 3 ponce, 1903). 


4.2.6 Gypsum 

Hydrous calcium sulphate, CaS04.2H20, the raw material 
used to make gypsum is a calcium-based mineral which is 
found naturally of a number of forms; 

(a) The most common is rock gypsum, which is found in 
sedimentary rock formations. It is usually white and 
opaque but can be found in a very finely grained and 
translucent form, famous as alabaster. Most rock gyp- 
sum deposits are relatively narrow seams and occur 
close to or on the surface (gypsum is chemically altered 
at depth), allowing exploitation with conventional shallow 
quarrying techniques; 

(i) Open-cast mines where gypsum is cut down in bench- 
es, leaving a stepped profile to the quarry to allow 
progressive ©Aploitation at a number of levels; 

(ii) Drift mines where sloping access tunnels allow ve- 
hicles to be driven or drawn from the surface down to 
underground workings. Subterranean galleries are ex- 
ploited in pillar-and- stall configurations leaving columns 
of rock gypsum standing to support the roof; 

(iii) Subterranean galleries can be dug from pits or shal- 
low shafts sunk down totne level of the deposit, me rock 
gypsum is winched to the surface. 


In mechanized extraction, the rock is excavated by explo- 
sive blasting and scooping with a mechanical digger. 
However, gypsum rock is relatively soft, especially when 
underground and with a high moisture content, and for cen- 
turies before mechanized extraction it was cut by hand with 
a pickaxe. Manual extraction gives much more regularly 
shaped and more homogeneous sizes of blocks than does 
mechanical extraction, which may require further breaking 
up before tne rock is crushed. 

(b) The second most common source of mined gypsum 
is gypsum sand, also known as seed gypsum, which 

consists nf heHs or sand dynes of winH-hlown deposits 
This easily dug with mechanical diggers or manually with 
spades. Gypsum sand therefore forms a readily accessible 
source of material tor small-scalo operations with limited 
machinery. One of the problems of qypsum sand is that it 
is rarely as pure as rock gypsum, often being mixed with 
other wind-blown minerals. In some cases it may require 
special processing to decontaminate it for use as a building 
material. 

(c) Gypsite is a very fine form of gypsum sand usually 
found overlying deposits of it. Gypsite is commonly dug to 
excavate the gypsum sand below it. It is usually found 

mixed with topsoil and other oontaminants and may 

contain as little as 60 per cent gypsum. Because of this de- 
gree of impurity it is normally not used as building material 
but is used for agriculture, as a soil additive. 

( 0 ) Smaller deposits of gypsum can be found as fibrous 
gypsum, also known as satin spar, or as crystalline gyp- 
sum, also known as selenite. Fibrous gypsum is found in 
thin seams or within larger deposits of rock gypsum. Crys- 
talline gypsum is occasionally found in large, foliated 
sheets. It is usually translucent or transparent, leading to its 
use as window glass in traditional buildings. 

There is also considerable interest in obtaining building- 
quality gypsum as a waste-product material. Gypsum is 
produced as a by- product of the manufacture of phos- 
phate fertilizer, in the production of salt, to produce 
phospho-gypsum, and in the cleaning process of desul- 
phurizing exhaust fumes from power stations, during which 
quantities of mined limestone are converted into sulphur- 
gypsum. Waste product gypsum is often offered for sale to 
the building industry at extremely favourable prices. Some 
by-product gypsum contains impurities which may need 
expensive decontamination or neutralizing before it can be 
used in building. 

4.3 Production technologies 
4.3.1 Lime 

The three essential aspects of the production technology 
are: 

(a) Quarrying and stone preparation; 

(b) Burning (or firing); 

(C) Hydration. 
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Quarrying and stone preparation 

Preparation of the stone for a lime kiln involves quarrying 
or extracting operations, transporting to the kiln, eliminat- 
ing undersized and oversized material and removing 
contaminating materials. The methods used depend on the 
nature of the stone, the scale of operation and the type of 
kiln to be used. Simple hand tools may be appropriate for 
very small scales of operation, but controlled blasting and 
the use of mechanical diggers and trucks, and screening, 
crushing and washing equipment becomes economical 
even for quite small levels of continuous output (e.g. 5 
tons/day). The metnods are identical to small-scale quar- 
rying methods used in other extractive industries. 


Lime-burning 

Lime burning takes place in a lime kiln. In the kiln limestone 
is heated to a temperature at which dissociation takes 
place. The calcium (and magnesium) carbonates are grad- 
ually converted to calcium and magnesium oxide, and 
carbon dioxide is removed. The temperature required for 
calcination depends on the type of stone. Kiln temperatures 
are normally between yuo°C and I he stone must 

remain at this temperature long enough for the whole stone 
to be dissociated. If the dwell time is too short, or the tem- 
perature is too low, the stone will be underburned and 
contain a core of calcium or magnesium carbonate. Ittne 
temperature is too high, the lime is overburned and is diffi- 
cult to slake. 

Many types of lime kilns are in use, ranging trom primitive 
field kilns which are built to fire a few tons of lime at a time, 
to large highly automated continuous kilns with daily out- 
puts exceeding 500 tons. 

Lime kilns may be classified according to the following 
types: 


(a) Batch or intermittent kilns; 

(b) Vertical shaft kilns; 

(c) Rotary and other kilns. 

Only the first two types are of importance to this compen- 
dium, since rotary and other kilns are large-scale 
manufacturing enterprises. 

In a batch kiln, each kiln load is fired separately. The stone 
is placed manually within the kiln. A fire is created to burn 
fuel below and within the stone until all the stone has been 
converted to quicklime. The quicklime is then allowed to 
cool and is removed. Sometimes no permanent kiln walls 
are built and the stone and fuel are simply piled on the 
ground. Such kilns are very common in rural areas. Their 
great advantages are their very low capital cost and seaso- 
nal production. They are very Inefficient In their use of fuel 
and a high proportion of underburned and some 
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overburned lime is invariably produced leading 
quality lime. The simpler kilns have been descril 
tail by Wingate (1985). 


it ed 


In vertical shaft kilns, the stone falls slowly und ji 
through a cylindrical shaft in which it is preheatec 
and then cooled before finally being dischargi 
base. Feeding of the stone at the top and discha 
bottom are continuous. Fuel is fed so as to mainti ii 
stant temperature in the firing zone. Air for comt i 
drawn in through the base and warmed by thi 
stone, while the hot exhaust gases are discharg 3< 
top of the kiln warming the incoming stone. Most 
used to raise the temperature of the stone and 
covered and this results in much lower fuel con i 
than for batch kilns. Mixed feed kilns use coal, 
wood or even peat as fuel. The fuel is fed in at 
the kiln in alternating layers with the stone, or is 
with it. Oil or gas-fired shaft kilns are also available 
the oil or gas burners are located in the firing zon< . 
produce no ash the quicklime is cleaner than for m 
kilns, but it is difficult to design a system which m; 
constant temperature, so more sophisticated coi 
required. There is a great variety of kiln designs 
suitable tor different fuels, types of stone and scalfe: 
put. UNIDO (1987) gives a good summary. A 
example, suitable for an output level of 3 to 5 tons 
designed by the Indian Khadi and Village Industr 
mission, is illustrated in figure 4.1. 
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Figure 4.1. The Khadi and Village Industries 
Commission (KVIC) improved shaft kiln 


30 


Low-Cost Binders 





A few examples of recent innovative small-scale kiln de- 
signs are described in section 4.6. 


Hydration 

Hydration is the addition of water to quicklime, the lumps 
of burned lime which are discharged from the kiln, to cause 
it to expand and disintegrate into very fine particles. This 
occurs through a chemical reaction between the water and 
the quicklime (calcium oxide), which produces hydrated 
lime (calcium hydroxide). The reaction generates consider- 
able heat. For a satisfactory result the amount of water used 
and the way of adding it needs careful control. 

Hydration can be done by hand methods which are suit- 
able for very small scales of production, or in a mechanized 
hydrator. Hydrated lime is normally produced in the form 
of a dry powder, suitable for bagging, but some limeworks 
also produce lime putty, a plastic mixture of lime and water 
suitable for mortar making. Hydration methods are dis- 
cussed by Wingate (1985), Spiropoulos (1985), and 
UNIDO (1987). 


4.3.2 Pozzolanas 

The technology f nr producing p0770lanas varies with dif- 
ferent types of pozzolana. Calcined-clay pozzolana is 
manufactured by moulding the clay into bricks or clay balls 
which are dried, fired in a kiln, and later pulverized. The 
methods of day preparation, moulding and firing are ident- 
ical to those for brick production, except that the 
temperature of firing is generally somewhat lower than for 
bricks. Indian Standard IS: 1344-1981 gives the following 
range of temperatures for different types of clays: 

Montmorillonite type600° to 800° C 
Kaolinite type 700° to 800° C 
lllite type 900° to 1000° C 

T o control the temperature accurately, a downdraught kiln 
may he employed (see section P.3) More generally, cal- 
cined-clay pozzolana is derived by sorting suitable material 
from the fired products of brick and tile kilns. In the case of 
tile manufacture, broken or rejected tiles are used. The cal- 
cined day is then reduced to a fine powder by means of a 
hammer mill, pulverizer or bail mill. 

Fly ash pozzolana does not require any processing. It is se- 
lected from the waste ash from power stations so that its 
fineness and physical properties satisfy certain perfor- 
mance standards set out in section 4.4. 

Rice husk aeh pozzolana is either field-burnt or subject to 
controlled calcination. Field-burnt ash, that derived from 
uncontrolled burning or from boilers, is generally calcined 


at too high a temperature to achieve maximum reactivity, 
but it is used in some processes for manufacturing lime- 
pozzolana mixture. Controlled calcination is achieved in a 
special incinerator. Different processes have been de- 
veloped. Typically a bank of four identical incinerators of 
approximate internal dimensions 1 m x 1 m x 1 m may be 
used, giving a daily output of 1 ton of ash. The temperature 
of the ash needs to be monitored to ensure that the tem- 
perature does not exceed 600° 0 (Cook, 1984). 

Processing volcanic-ash pozzolana involves extraction, 
screening, drying and sometimes pulverising. The meth- 
ods used vary. Some particular examples are described in 
section 4.6. 


4.3.3 Lime-pozzolana binders 

Lime-pozzolana binders are produced by intergrinding or 
blending the separate raw materials, lime and pozzolana. 
Where the lime- pozzolana mixture is to be sold in bagged 
form as a masonry cement, it is essential to achieve the 
greatest homogeneity possible, which is achieved by a 
lengthy period of intergrinding in a ball-mill. Periods of in- 
tergrinding of up to eight hours are used. 

An alternative way to use lime-pozzolana mixtures is in the 
manufacture of concrete, mortar or blocks on site. Used in 
this manner, the lime and pozzolanas are treated as separ- 
ate ingredients, and blended by hand mixing or using a 
drum or pan mixer, along with any other dry ingredients, 
sand or aggregate, immediately before adding the mixing 
water. Blending in this manner results in a loss of homo- 
geneity and fineness, compared with milling, but it is 
simpler, and it can result in mortar or concrete products of 
acceptable Quality. 

The appropriate proportions of lime and pozzolana de- 
pend on the quality of the two materials. The 
pozzolana: lime ratio may range from 3:1 to 1:1. 


4.3.4 Blended cements 

Blended cements are produced by intergrinding or blend- 
ing Portland cement or cement clinker, pozzolana and 
other ingredients. Intergrinding using a ball-mill is the usual 

technology as full homogeneity can easily be achieved 

Blending of dry powders is difficult to achieve. Blending in 
the cement factory to produce a standard Portland-pozzo- 
lana cement is one common technique for which standards 
exist (see section A A) Another technique is to intergrind 
Portland cement, in the form of powder or clinker, with local 
pozzolanas or other raw materials, in a special grinding 
plant. This method is used where Portland cement has to 
be imported at high cost, and its use can be extended hy 
the addition of locally available raw materials. These may 
be pozzolanic or inert materials used as fillers. The 
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properties of the resulting cement will vary accordingly. No Direct heating 

formal standards for this type of material exist. Some par- 
ticular examples are described in section 4.6. Methods of direct heat calcining include: 


4.3.5 Gypsum plaster 

Calculation 

Gypsum plaster is produced by heating raw gypsum to 
temperatures between 100° and 200° C, which is a much 
lower production temperature than required for most other 
low-cost binders. This makes the production technology 
simpler and the energy costs of production much lower 
than for comparable materials. 

Gypsum is calcined either by burning it, i.e. mixing it with 
the fuel of combustion and subjecting it to direct heat, or 
by cooking it, i.e. indirectly heating it within a container. 


fc r 


(a) Gypsum fires (see figure 4.2). The crudest 
method of calcining gypsum is to make a bonfire 
sum mixed with fuel and to burn the gypsum 
days This is done either in a conical pile, or by 

pit into the ground (for exam pie the traditional dug -< 
of the Touggourt area of Algeria), or by digging 
fuel into surface gypsum deposits; 


id oldest 
l om gyp- 
several 
i ligging a 

out kilns 
hole for 


(b) Gypsum kilns. A slightly more efficient ant 
lable method of burning gypsum is in a shaft kiln 
4.3). Vertical shaft kilns are easily constructed 
been commonly used wherever oypsum occurs 
rical shaft of between 1 and 2 metres diameter anc 
4 metres high is constructed from stone or bricl 
a small opening (an eye) at the base. This is 
from the top with alternating layers of fuel 
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Figure 4.2. Gypsum fires 
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coal - and raw gypsum. After several days firing, and after 
cooling, the gypsum is unloaded through the eye at the 
Base and the kiln is loaded for another batch. A shaft kiln 
of this sort produces a batch of 20 - 50 m 3 of gypsum plas- 
ter at a time. 

Much larger batches can be fired in a walled kiln (see figure 
4.4). This is a rectangular building with perforated walls for 
veritilatiuri, In which gypsum Is stacked for filing. Walled 
kilns were commonly used in many parts of Western Eu- 
rope up until the 1950. They are suitable for large-volume, 
basic-grade gypsum plaster production. Within the large in- 
tor rial spcujo uf tho walled Kiln several crude vaults tiro built 

from the pieces of rock gypsum from the quarries. This is 
a relatively skilled job and labour intensive. On top of the 
vaults, layers of gypsum are placed with smaller pieces to- 
wards the top, and finally topped by a layer of gypsum dust. 
The fuel is placed in the vaults and the whole construction 
is fired. Walled kilns can be built as large as required and 
can produce batches of hundreds of cubic metres of gyp- 
sum plaster at a time. In such kilns, the degree to which the 
raw gypsum is burned is determined by the amount of fuel 
mixed with the gypsum. The percentage of fuel to gypsum 
has to be judged before firing and the setting of a kiln is a 
lelalively skilled operation. 


Fired gypsum products 

With fired gypsum the end result is a mixture of burned gyp- 
sum 

with the ash of the fuel used. These are mixed together and 
ground up to make a basic quality of plaster which is grey- 
white. It is known in different traditions by different names, 
including Ash- plaster, Timchent, and Goss. 

In the filing, only a piupoitiun of the burned gypsum is like- 
ly to be the hemi-hydrate plaster that can be rehydrated and 
set. Some gypsum is invariably "overburned" (insoluble an- 
hydrite) and some may be raw gypsum that has failed to 
reach calcining temperature. The amount of tho gypsum 
that has been successfully calcined is determined by the 
uniformity of the temperatures achieved in the kiln and the 
homogeneity of the pieces of gypsum being fired. A small 

amount of ovorburnod gypsum mixed in with tho hydrato 
is useful because it acts as a retarder on the setting time of 
the plaster, as pure hemi-hydrate sets very rapidly. It is im- 
portant, therefore, that the resulting burned mixture is 
nflrflfiillymivftHtngAthflrandgrnnnrltoa pnwdflr Typirally, 
these basic qualities of ash-plaster contain less than 50 per 
cent hemi-hydrate and they set with a crushing strength of 
the order of 30 kg /cm 2 . These plasters develop their full 
strength quite slowly but end up very hard-setting. 


Indirect heating 

Higher percentages of raw gypsum converted into hemi- 
hydrate can be achieved by more even firing. In order to 


achieve this, it is necessary to obtain even temperature dis- 
tributions throughout the kiln, to keep the temperature at a 
controlled level and to have the raw gypsum in relatively 
homogeneously sized small particles. It is also an advant- 
age to heat the gypsum indirectly, so that the ash is not 
mixed in with the final product, and so that the fire can be 
fed or starved to control temperature. Kilns have been de- 
signed to achieve this improved quality calcining. A 
common example is the furnace-heated kiln (see figure 
4.5). This allows batches of gypsum to be loaded into the 
kiln and heated at carefully controlled temperatures. These 
kilns can be large and need constant monitoring and stir- 
ring of the gypsum, so production is more labour-intensive 
than other kilns. 



Furnace 

with flue (hot shown) 


Hopper for gypsum feed 


Unloading Eye 


Tiguie 4.5. Fuiitatc heated batch kiln for calcining gypsum 


If rock gypsum is being calcined it has to be crushed be- 
fore burning to get even sizes of gypsum particles. The 
process of crushing may involve several stages of oper- 
ation, including possibly drying before crushing, crushing, 
screening and grinding. These processes are not needed 
for gypsum sand. The naturally occurring sand can be dug 
and calcined by firing or indirect heating (cooking) using 
relatively simple equipment as shown in figure 4.6, 

These simple operations involve stirring the gypsum sands 
on a heated steel plate until sufficientwater has been driven 
off to form the hemi-hydrate. Because the temperature 
required is quite moderate, the energy costs of production 
are low and production is ideally suited to small-scale 
operations. 
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Calcining gypsum sand in Cape Verde 



Furnace 


Hot gases drawn throi 


gh 


Calcining gypsum sand at Noumerat* 


Figure 4.6. Simple kilns for calcining gypsum sand 


Other types of controlled indirect heating include rotary 
kilns; steel drums which are rotated over a source of heal, 
mixing the gypsum inside with fixed blades. A simple 
example of this type of system appropriate for small-scale 
operations has been developed in the Platna factory in 
Noumrate, Algeria. 

A more sophisticated indirectly-heated rotary kiln, known 
as the 'Four Beau’ is the most common type of kiln used 
for non- pressurized calcining in France today. 


directly-fired ash-plaster. It is finer ground, more 
cined and ash- free. Additives can be mixed 
relatively pure gypsum to retard the setting time a6 
different types of mix. The strength of this improv 
gypsum is considerably higher than the basil . 
crushing strengths are in the order of 60 kg/ci v 
twice that of ash-plaster. 


Pressurized gypsum production 
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Baton proouction vs. continuous production 

Those processes which produce batches of calcined gyp- 
sum are most suited to small-scale operations where 
production can bo goarod to changing cituatione and do 
mand for the finished product and supplies of raw material 
can be variable. Where demand is constant and supplies 
of raw materials are guaranteed, continuous production is 
more efficient than batch production. The management 
and control engineering involved in continuous production 
is however, much more critical. It is more suited to small- 
scale Industrial operations than to rural or co-operative 

v/AnturAQ 


The hemi-hydrate produced by the above methor s of heat- 
ing in a vessel that is open to the air, i.e. in a dry 
environment at atmospheric pressure, is known z ; calcium 
hemi-hydrate Variety Beta, A stronger variety of hemi-hy- 
drate. known as Variety Alpha, can be produced t y heating 
the raw gypsum in a closed container, building ui i a higher 
pressure in a saturated atmosphere, usually wit I a saline 
solution. Hemi-hydrate Variety Alpha is con ;iderably 
stronger than Variety Beta, with a set compressivi i strength 
in the order of 500-600 kg/cm2; about 1 0 times i tat of the 
Beta. It is also faster setting and is able to be hyd ated with 
much less water, allowing a lower water mix rat o and so 
developing its higher strengths. 


Continuous production kilns involve using pumps and con- 
veyor systems to ensure a constant flow of gypsum through 
a calcining process. For this, it is best if the raw gypsum is 
finely ground. 


Products of controlled calcining 

The calcined gypsum produced by these more controllable 
methods is a much better quality than the basic quality, 


Pressure vessels to produce hemi-hydrate 
known as kettles. Powdered raw gypsum heal 
pressure boils and precipitates steam bubbles 
gypsum mass. At temperatures around 1 50° C, 
cal reactions take six to eight hours. There ai 
number of kettle designs, using different types c 
methods of heating. At their most sophisticated 
ous production conical kettles are used in the 
industries of the developed world. These 
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capital- intensive and require sophisticated control engin- 
eering to co- ordinate pump flows, fuel consumption, 
temperature and pressure. For smaller-scale operations, 
batch production kettles of proven design are probably 
most appropriate. 


4 4 Performance standards 

4.4.1 Lime 

Standards divide limes into three different types, according 

to their chemical compositon. High calcium limes are those 
containing a combined CaO + MgO (lime plus magnesia) 
content exceeding 65 per cent, but with less than 4 per cent 
MgO. Magnesian times ore those with a combined lime 
plus magnesia content exceeding 65 per cent with not less 
than 4 per cent magnesia. Semi-hydraulic limes are those 
with a lime plus magnesia content exceeding 60 per cent, 
and with a soluble silica content exceeding 5 per cent. 
These are the definitions of the British Standard BS 890: 
1972; slightly different definitions are given in the Indian 
Standard IS: 712-1984, which distinguishes a further three 
typos of lime, eminently hydraulic time, kankar lime, and 
siliceous dolomitic lime. These are limes with larger 
amounts of silica or magnesia than are accepted in many 
national standards but which, nevertheless, can be useful 

for particular building applications. Each of these types of 
lime can be produced in more than one form. Standards 
also distinguish hydrated lime, quicklime and (sometimes) 
lime putty. These forms of lime have been described in sec- 
tion 4.3. 

Standards also specify certain physical requirements for 
limes. The properties usually specified are fineness, 
soundness (expansion in cotting), workability, and hy 
draulic strength (for hydraulic limes only). Full details of the 
tests are set out in national standards. 

4.4.2 Pozzolanas 

Standards have been prepared for the properties of poz- 
zolanas to be used as an ingredient of Portland-pozzolana 
cement or standardized lime-pozzolana mixture (e.g., IS: 
1344 1081, Specification for Calcinod Clay Pozzolana , 
IS:3812-1981, Specification for Fly-ash for use as a Pozzo 
lana and Admixture ) . Standards also exist for the testing of 
Pozzolanas (IS: 1727- 1967 , Methods of test for Pozzolanic 
Materials ) . The properties specified in these standards are 
fineness, lime-reactivity, compressive strength and drying 
shrinkage. 

The essential requirement for a pozzolana io ito ability to 
combine with lime or with Portland cement and to develop 
cementitious properties. 

Fineness is important because as the avorago particlo Gizc 
decreases, so the amount of surface area available for re- 
action increases. Fineness is measured by an air 


permeability method in which air is forced through a col- 
umn of material packed to a standard density. The method 
determines the specific surface in sq m/kg. 

The lime-reactivity is a measure of the strength of 50 mm 
cubes of mortar made from a mixture of the pozzolana, a 
standard lime and a standard sand, after a total period of 
seven days which includes a period of 48 hours curing at 
a temperature of 50o C. The compressive strength of the 
cubes is measured in N/mm2. Drying shrinkage is a mea- 
sure of the change in length after curing over a period of 
seven days, as a proportion of the original length. 

A compressive strength testis also specified when the poz- 
zolana is to be incorporated as an ingredient of 
Portland-pozzolana cement. The test measures the com- 
pressive strength ot 50 mm cubes made ot 
Portland-pozzolana cement mortar after 28 days, as a pro- 
portion of the compressive strength of cubes made of 
Portland cement mortar without pozzolana addition. 

The details of these tests are complex. They are described 
in IS: 1727-1967 and other comparable standards. They 
should only be carried out by an experienced cement tes- 
tiny laboratory. Indian Siandaids specify twu yiades of 
pozzolana according to their performance in these tests, 
as follows: 

Grade I F or incorporation in unblended cement mortar and 
concrete and in lime-pozzolana mixture, and for 
manufacture of Portland-pozzolana cement. 

Grade II For incorporation in unblended cement mortar and 
concrete and in lime-pozzolana mixture. 


Table 4.4. Physical requirements for calcined clay and 
flyash pozzolanas 


Characteristic 

requirements 

Grade 1 

Grade II 

Fineness (specific surface 
rtr/kg), min. 

320 

250 

Lime reactivity (average 
compressive strength 
N/mm 2 ), min. 

4.0 

3.0 

Compressive strength: 

Not less than 80 per cent of 
strength of corresponding plain 
cement mortar cubes 
Drying shrinkage 
(percentage), max. 

0.15 

0.10 


Source: IS: 1344 - 1981, IS: 3812 - 1981 


Note: Compressive strength test is applicable in case of pozzo- 
lana to be used in manufacture of Portland-pozzolana cement 
only. 
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An alternative test for pozzolanic activity has been pro- 
posed by Allen and Spence (1981) which is simpler to 
perform in the field. This involves the use of small cubes of 
25 mm diameter, which aretested for compressive strength 
after seven days which includes a period of accelerated cur- 
ing at 50° The cubes are made from mixture of 1:2:9 
standard lime:pozzolana:standard sand, mixed to a con- 
sistency. A minimum strength of 4 N/mm 2 is 
recommended for pozzolanas which are to be used for 
mortars and concretes and in lime-pozzolana mixtures. 


Indian Standard IS:4098-1967 also exists for lime-pozzola- 
na mixtures, separating them into three classes according 
to the use for which they are intended. The three classes 
are as follows: 


Table 4.5. Proposed standards for LIPOR 1 VA 
blended cement 


Compressive strength - 


7 days 
28 days 
91 days 
180 days 


45 kg/ 
90 kg/ 
130 kg/ 
160 kg/ 


Initial setting time (max) 
Soundness (Le Chatelier) (max) 
Magnesia content (max) 

Loss on ignition (max) 

Blaine fineness (min) 

Retained on 0.08 mm seive (max) 


7 hou 
5 mn 

5 per 

6 pe^' 


3500 cm' 
15 per 


:ent 

:ent 

gm 

rent 


Source: Schildcrraan (1985) 


LP40 For masonry mortars and plasters of grade 30 to 50 
kg/cm 2 and for foundation concrete. 

LP20 For masonry mortars and plasters of grade 15 to 30 
kg/cm 2 and for foundation concrete. 

LP7 For masonry mortars and plasters of grade 7 to 15 
kg/cm 2 . 


These standards might provide a model for othe ■ blended 
cements designed to be used for general buildin j applica- 
tions apart from reinforced concrete 


Gypsum plasters are classified into a number cjf different 
categories: 


Tests are specified for fineness (by sieving), setting time, 
compressive strength, water retention, and soundness. 
Limitations on free moisture content and loss on ignition 
are also specified. 


The details of the tests are given in IS:1727-1967 and 
IS:4098- 1967. The requirements are as set out in table 4.6. 
They should be performed by a competent cement testing 
laboratory, 


A. Plaster of Paris (hemi-hydrate with no ret; rder addi 
tives) 

B. Retarded hemi-hydrate gypsum plaster (her li-hydrate 


with retarders) 

C. Anhydrous gypsum plaster (or calcium sulphate) 

D. Keene's plaster 


c< tf 


The tests evaluate the performance of each 
plaster in a number of different properties, 
below, and the specifications for each test as set 
British Standard. BR1 191 , are summarized in tal 


egory of 
' lescribed 
out in the 
hie 4.fi. 


4,4.3 Blended cements 

National standards exist tor tne performance of Portiand- 
pozzolana cements. These are based on Portland cement 
standards and are outside the scope of this document, No 
formally approved standards for other blended cements 
exist, but theie is a draft standard under consideration in 
Rwanda to cover LIPORWA, the PPCT cementitious binder 
produced at Kigali (see section 4.6). The standards pro- 
posed are given in table 4.5. 


4.4.4 Gypsum plaster 

The standards for the production of gypsum products in 
developing countries are based mainly on the standards 
published in industrialized countries, for example, the 
United States (ASTM C472), the United Kingdom (BS 
1 191), - and Canada (CSA A82.20). 


Table 4.6, Summary of specifications for gy ;sum 


building plasters 
(British Standard 1191) 



Ml 

[2] 

[3] [4] 

[5] 

[61 

[7] 

[8] 

A. Plaster of Paris 

35% 

2/3 

0,2% 4-9% 

5% 

2.5 



B. Retarded hemi- 

35% 

2/3 

0.2% 4-9% 

3% 

1.2 

5mm 

0.2% 

hydrate 

C. Anhydrous calcium 
sulphate 

40% 

2/3 

0.2% 23% 

1% 


4.5mm 


D. Keene's plaster 

47% 

2/3 

0.2% 22% 

1% 


4mm 



Notes: 

(1 ] Chemical purity. Chemical analysis on the compos ition of the 
plaster to determine the proportion of sulphur trioxide in the mix- 
ture. Typical minimum levels proposed are shown. 
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[2] Further tests also determine that calcium oxide is not less 
than, for' example, 2/3 of the sulphur trioxide level. 


[3J Control of levels of soluble salts to stop efflorescence in 
finished wet renders. Chemical analysis determines that soluble 
salt levels (sodium oxide and magnesium oxide) are below spe- 
cified levels (typically, 0.2 per cent by weight of the sample). 


[4] Organic m at e ri a ls con tent, A weight-loss-on-ignition test 
is the standard test for organic and other combustible impurities. 
Loss- on-ignition limits for the different plasters are shown. 


[5] particle g ra ding , Size of particles in the plaster powder is 
regulated by the proportion of the sample that fails to pass 
through a sieve of 1.18 mm. Maximum allowable percentages 
are shown. 


(6] Bending or transverse strength of the set plaster is tested 
by transverse loading a beam of certain size (25 mm square and 
100 mm long) until failure in order to calculate the modulus of 
rupture in N/mm a (0.0072 x breaking load in Newtons for 25 x 25 
xlOO mm beam). The experiment is repeated six times and an 
average modulus obtained. Minimum values for averaged mo- 
dulus of rupture are shown. 


[7] Mechanical resistance. The set plaster is tested for its me* 
chanical resistance to impact loads by dropping a steel ball of 
standard size and weight on to a sample from a specified height. 
The depth of the impression left by the impact is then measured 
(taking tho average value of 16 measurements). Maximum im 
pression depths are specified. 


[8] Expansion on setting This is only specified for retarded 
hemi-hydrate plaster used as undercoat and as a finish plaster. 
Linear expansion is measured using an extensometer. The ex- 
tensometer has a spring micrometer gauge attached to a 
triangular cross-section trough into which gypsum is poured and 
allowed to set. i ne expansion of the gypsum causes the gauge 
to deflect. The total expansion after 24 hours is converted to a 
percentage. Maximum values for percentage expansion are gi- 
ven. 


Additional examination of the set plaster for all types is car- 
ried out to determine soundness. The physical appearance 
of samples of set plaster are examined after steaming them 
for three hours. Standards require that there should be no 
signs of disintegration, popping or pitting on the surface of 
steamed samples. 

Standards for developing countries, for example Indian 
standards, use similar tests but with greater emphasis on 
physical properties than chemical analysis of the product. 
Indian Standards also set out specifications for gypsum 
concrete, which is not envisaged in European or North 
American standards. T ests 5, 6, 7, and 8 and a test for 


soundness are included in the Indian Standard, with the ad- 
dition of the following: 

(a) Consistency tests. Using a modified Vicat appara- 
tus, a plunger rod of a specific weight and cross-sectional 
area is released into the plaster mix and the penetration di- 
stance into the mix is recorded. The penetration is a 
measure of mixture consistency. 

(b) Setting time. The time it takes for the sample to 
change its consistency to a set limit is measured. The 
consistency tests are repeated at regular intervals until the 
set limit is reached. 

(c) Compressive strength of set plaster. Standard cube 
sizes of set plaster are loaded until failure under compres- 
sive load. Tests are repeated five times and the results 
averaged. 

The same standards of quality of product are being sought 
but through testing the physical and mechanical properties 
rather than chemical composition. This philosophy is one 
which can be more widely adopted in countries where che- 
mical analysis laboratories are not readily available to 
building materials manufacturers. 


4.5 Uses In construction 

4.5.1 Lime 

One of the principal usee of lime in building is as an ingre- 
dient of lime-based mortars and plasters, which are 
discussed in section 4.5.2. Other uses of lime in building 
are for soil stabilization, in limewashes, and in the manu- 
facture of sand-lime bricks and other lime-based building 
blocks. Uses of lime are extensively covered in a recent 
UNIDO publication (UNIDO, 1986). 

Soil stabilization 

Lime is used in soil stabilization in two different ways. It is 

very widely used for the stabilization of loose and clayey 

soils for roadmaking and subfoundation work. At the sim- 
plest level quicklime is spread over the top of the ground 
and then mixed into the top few centimetres of the soil. This 
changes the plastic properties of the soil, making it easier 
to compact and enabling it to carry loads. The hydration of 
the quicklime also absorbs water from the clay. In the long 
term the lime may react with the siliceous materials in the 

soil to form strong cementing bonds. This process is acce- 
lerated by an increase in ambient temperature, so the 
technique is especially suitable in warmer climates. 

Lime stabilization is alsu used in the manufacture of stabi- 
lized soil blocks as discussed in section 3.2. Again, lime is 
most effective with clayey soils, which are the most difficult 
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soils to stabilize economically. The process is the same as 
that described above, except that hydrated lime is normally 
used. As the strength gain is comparatively slow, where 
lime is used for soil-cement blocks it is often used in con- 
junction with cement or a pozzolana. 


/ imewash 

Limewash is a paint based on lime and water which can be 
used on lime plasters, brickwork, earth walls or other soft 
surfaces. It is mad© by diluting a limo putty to a thin cream 

with water. Colour pigments can be added. Unstabilized 
limewashes lack durability on external surfaces. There are 
various formulations by which durability can be improved. 
A common one is to mix about fi per cent by weight of tal- 
lowto quicklime before it is slaked. Common salt, alum and 
casein may also be added in small proportions to hydrated 
lime as stabilizers. A stable limewash can also be made by 
mixing lime and white Portland cement in equal propor- 
tions, but this is an expensive technique, and subject to 
crazing. The subject of limewashes is discussed in the pub- 
lication, Lime in Building (BQSF, 1975). 


Calcium silicate products 

Sand lime bricks are made by mixing between 5 and 10 per 
cent of hydrated lime with damp sand and compressing it 
into brick shapes which are then matured in a steam oven 
or autoclave for about seven hours. This produces a hard 
white brick which requires only about 20 per cent of the en- 
ergy needed for clay brick production. Lightweight cellular 
concrete is made by reacting pulverized quicklime and 
aluminium powder, causing a foam which is mixed with a 
silica sand aggregate. These are industrialized processes 
not suitable for very-small bscale operation. They are en- 
ergy-efficient if a large market for the products exists. 


4.5.2 Lime pozzolana binders and 
blended cements 

Ono of tho prinoipa! ucoc of limo pozzolana binders and 
blended cements is in the preparation of mortars, plasters 
and renders for masonry work. Lirne-pozzolana binders 
and blended cements may also be used for low-strength 

concretes and in the manufacture of concrete blocks or sta- 
bilized soil blocks. In general, lime- pozzolana binders are 
not suitable for high-strength applications such as rein- 
forced concrete, as the rate of strength development and 
the final strength is lower than for concretes made from 
Portland cement, and deformations are also greater. Under 
certain circumstances, however, blended cements may be 
used in reinforced concrete. 


To achieve all these properties, a mortar will gem 
to be a mixture of lime with either cement or a 
material, and sand. Lime is essential to achieve 
kability (which incudes the right combination of 
retention and cohesiveness), while cement or 
needed to help the mortar to set and harden 
to have adequate long-term strength to carry its 
rabiiity depends nn both the strength of a moi 
porosity, to which both lime and the other ingn 
tribute. Plasters require high workability, good 
and strength and durability appropriate to the 
greater for external than internal work floncrets 
strength applications need to have sufficient woi 
be able to flow with the aid of vibration or com| 
the formwork or mould, and a rate of strength gat 
ate to carry the loads of the building as it progre n 
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The best mix proportions for any particular use w 
on the binding materials available, the aggreg: iti 
able, the strength requirements, and the 
exposure of the mortar. Standard mix proporttoji: 
specified for the use of lime and Portland cerm 
tars, since these materials are produced 
recognized standards. Pozzolanic materials an 
different types, and standards currently only exis 
of these, so that standard mix proportions oannol 
Appropriate mixes can be determined for partii 
situations from performance standards. Some 
blends and mixes using pozzolanas with lime anc 
land cement are given in table 4.7, from a recent p jI 
by Bullard (1 987), but this gives only an approxin 
which should always be tested with the material; 
in any local situation. 


4.5.3 Gypsum plaster 

By far the greatest use of gypsum in the buildin | industry 
is in renders and finishes for internal use. Gypsu n is, how- 
ever, a very versatile material and there is i icreasing 
interest and activity in using gypsum in a wider ra ige of ap- 
plications. As a weak binding material, it is in< reasingly 
being considered, along with lime and pozzc lana pro- 
ducts. in strategies for substituting for Portland :cmcnt in 
applications which do not need the strength tha : Portland 
cement can develop. Its natural abundance ant I low pro- 
duction costs make it an attractive alternative to c Bment for 
countries that have natural deposits of gypsum Gypsum 
has several natural properties, including high the mal insu- 
lation, inherent fire resistance and ease of t asting or 
carving that make it attractive for a number of ises. The 
uses of gypsum in building can be classified as follows: 
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A satisfactory mortar needs to possess good workability, 
adequate strength, good bond, and satisfactory durability. 
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(a) Wet renders 

The oldest and most traditional use for gypsum has been 
as a wet render or stucco applied to the interior i ir exterior 
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Table 4.7. Suggested blends, mixes and uses of alternative cements 



Cementitious material 




Blend 

percentage 


Total 

aggregate 

Recommended 

uses 

Remarks 


OPC Lime Pozzolana 


OPC/ 

50 

50 

9-12 

Low strong ht con- 


pozzolana 




cretes 



50 

50 

4-8 

Mortars and plasters 



66 

34 

6-10 

Medium strength 
concrete and concrete 






blocks 



75 

25 

6-8 

Structural concrete 


Lime/ 

34 

66 

6-8 

Low strength concrete 

Ratio of 

pozzolana 




and concrete blocks 

lime to 
pozzolana 


34 

66 

3-6 

Motors, plasters 

may change 





and load bearing 

depending 





concrete blocks 

upon 
quality 
of lime 
and 

pozzolana 

OPC/lime 

20 

60 

6-9 

Medium strength 

In all 

pozzolana 




concrete and 

cases the 





concrete blocks 

quality 
of lime 


1U 25 

65 

6-8 

Low strength 

and pozzo- 





concrete and 

lana will 





concrete blocks 

determine 

aqqreoate 


5 30 

65 

4-/ 

Motors and plasters 

content 


Source: Bullard, 1987 


of structural walls. Gypsum plaster is mixed with water and 
trowelled (or possibly sprayed) on to the surfaces. The gyp- 
sum render is usually mixed with some sort of fibrous 
reinforcement to give the flexibility to withstand the expan- 
sion and contraction that it experiences with changes in 
moisture content and temperature. Internal renders are 
often applied on to a reinforcing layer of fabric, e.g., gauze, 
calico, jute etc. Traditional additives of fibrous reinforce- 
ments like horse hair or straw have been replaced to some 
extent by plasticizers and expanded metal meshes in mod- 
ern construction. Gypsum renders externally have been 
used as decorative features on much traditional 


architecture in countries of the Middle East and Africa, 
mainly in countries with arid and semi-arid climates where 
the solubility of gypsum in water does not pose a problem. 
In wetter climates, gypsum renders have been used exter- 
nally with coatings of paint or lime washes to protect them. 

(b) Plasterboard 

The industrialization of building materials in many de- 
veloped countries over the past half century has resulted 
in the widespread manufacture of plasterboard. This is a 
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thin layer of gypsum cast between sheets of paper or 
board. The paper reinforces the plaster, giving it the 
strength to act as a single sheet. The technology of produc- 
tion is relatively sophisticated, requiring rolling a controlled 
thickness of plaster mix between two sheets of paper, 
usually in a continuous production process, which is then 
cut to size. The setting rate of the plaster is critical, and 
drying time is the limiting factor in many production pro- 
cesses. The end product, dry-lining for walls and ceilings, 
has many advantages over traditional wet rendering tech- 
niques, including rapid coverage of wall area, semi-skilled 
installation and no waiting time before applying top fin- 
ishes. The use of plasterboard for internal lining is almost 
ubiquitous in larger building contracts in industrialized re- 
gions. 


(c) Gypsum blocks 

Gypsum can be cast as building blocks, either as pure gyp- 
sum, or more commonly, as gypsum with an aggregate. 
Pure gypsum blocks are dense, heavy and brittle and are 
usually cast as hollow blocks. Aggregates used with gyp- 
sum include crushed rock gypsum, limestone or foamed 
lightweight aggregates. The aggregate makes a lighter 
block and, if bonded properly, gives additional strength to 
the block. Gypsum blocks are used traditionally in North 
African countries and experimentation is currently being 
carried out on their suitability for wider use in other gypsum- 
rich countries. The use of gypsum blocks for structural 
purposes is limited by their loss of strength as their mois- 
ture content rises. For infill construction, a major use of 
concrete blocks, gypsum blocks have many advantages 
over concrete blocks in thermal insulation and acoustic 
density. 


(d) Gypsum-stabilized earth blocks 

Gypsum can also be used as a stabiliser of soil, to improve 
the binding and durability of soil used in construction. Earth 
blocks stabilized with gypsum, known as Alker blocks, are 
used in Cape Verde to build loadbearing walls. Loadbear- 
inq walls built of Alker blocks need to be well protected from 
water penetration (by large overhanging roofs, impervious 
plinths and external render and other means). 


(f) Gypsum concrete 

By pouring a very fluid mix of gypsum plaster < ver rocks 
and aggregate within shutters, a very rapid-sel inq weak 
concrete is achieved, useful for non-loadbearin ) applica- 
tions. Gypsum concrete was used in tr iditional 
construction by building up layers of sand and jravel be- 
tween formwork and pouring in gypsum plaste ■ slurry to 
form lifts of solid walling. 


(g) Precast reinforced gypsum elemenfs 

The quality of casting obtainable with gypsum its sharp 
edges and crisp definition, are used to produce p ecast ele- 
ments for the building industry. In order to de velop the 
necessary strength for a cast element, the gypsum is rein- 
forced. Reinforcement is generally fibrous; vege able fibre 
of some sort or, more commonly, in industrial p roduction 
glass fibre. Cast gypsum reinforced with vegeta lie fibre is 
also used traditionally to make centering for arch construc- 
tion in areas where timber is scarce. 


(h) Decorative uses 


Gypsum can be carved and cast into intricate sh; 
are highly decorative. Commonly used as ini 
orative features, such as cornices and ceiling ro; 
others, they can be cast in continuous forms or p 
installed. Large decorative castings are fixed to 
ture by setting metal cramps or frames into the 
casting the gypsum around them. Gypsum carvii i; 
practised in many areas. Very hard gypsum rend n 
tained for the traditional relief carving on mosi 
Middle East by compaction after setting, beating 
in several applications. For wall decoration, 
ders mix well with pigments and retarders to forn 


4.6 Innovations in low-cost binder 
technology 

4.6.1 Lime 

Raw materials 
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(e) Gypsum mortars 

Traditional gypsum mortars have been used in Western Eu- 
rope for centuries, to build loadbearing walls of rubble 
masonry, and in North Africa to bind walls ot Louz, or sand- 
roses. The mortar sets very rapidly and so has limited 
workability, but it can be used with block or brick masonry 
in many situations. Gypsum mortar may not be used in situ- 
ations where it can become wet, such as in foundation 
courses. 


Recent innovations in the lime technology hav 5 included 
methods of using unconventional raw materials, tie design 
of innovative kilns to reduce fuel consumption or use lo- 
cally available fuels, and new uses for lime in balding or in 

llie manufacture of building materials. 

Dolomites and dolomitic limestone are availab e in abun- 
dance. They are attractive materials for lin e-burning 
because the magnesium carbonate dissociate \ at a tem- 
perature substantially lower than does calcium parbonate. 
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This can, in principle, lead to large savings in fuel consump- 
tion, These materials are generally not recommended for 
small-scale production because there is a danger of unsla- 
ked quicklime remaining unless autoclave hydration is 
used. A method ot overcoming this proDlem was devised 
in at the Moshaneng limeworks in Botswana, established 
by the Southern Rural Development Association. The raw 
material for this works was dolomitic lime-waste from an old 
mine wnicn was cneapiy available as no quarrying was re- 
quired. The stone was fired in a small vertical shaft kiln of 
KVIC design (see figure 4.1 ), using care to ensure that the 
temperature did not rise above 1000 °C. The quicklime was 
then platform slaked, and passed through a trommel 
screen. Only material finer than 0.6 mm was bagged; ma- 
terial smaller than 5 mm was stockpiled to be returned for 
later screening, and material larger than 5 mm was rejec- 
ted, in this way unslaked quicklime was virtually eliminated 
(UNIDO, 1986). The Central Building Research Institute in 
India recommends, for the same situation, calcination tem- 
peratures not exceeding 950° C, and hydrating slowly in an 
insulated tank for a week (CBRI, undated). 

For raw materials to be burned in small shaft kilns, it is im- 
portant to investigate the stability of the material during 
tiring while undertaking field investigations. A small kiln, 
with a capacity of 250 kg of raw material, was designed for 
investigation of potentially difficult limestones in Malawi 
(Hill, in Wingate, 1985) (see figure 4.7). 




Figure 4.7. Raw materials investigation kiln 
Source: Wingate (1985) 


Kilns 

As with brick kiln technology much of the recent innovation 
in lime kiln technology has been in South Asia, where lime 
burning is well-established, and the scarcity of fuel is parti- 
cularly severe. 


In Viet Nam, coal asn from tnermo-electnc factories and po- 
wer- stations is available in many places with as much as 
40 per cent unburnt coal. This is formed into fuel bricks by 
mixing with lake mud, and is used in lime-burning using a 
very small-scale neap- Durnmg tecnnique, without 
constructing permanent kilns, (see figure 4.8). The kiln is 
built in alternate layers, 2 - 3 m in diameter, of lime stone 
and fuel, each layer having a thickness of 150 - 200 mm. 
New layers are added after the fuel below has been ignited 
until the kiln reaches a height of 1.5 to 2 m. Insulation is 
provided around the kiln by building a double wall of un- 
burnt bricks, between which is placed ash and cinder from 
a previous firing. T he same material also forms an insula- 
ting layer on the top of the kiln. After firing, the quicklime is 
hand sorted from the ash and cinder. 



Figure 4.8. Small lime kiln in Viet Nam 
Source: Nguyen Tien Dich (1987) 


The output from such kilns is 3 to 5 tons, with a burning 
time of about 36 hours. The fuel consumption is 350 to 400 
kg per ton of lime produced. About 7 to 1 0 people are em- 
ployed (Nguyen Tien Dich, 1987) 

In India, numerous organizations have been active in de- 
veloping improved small-scale lime kiln designs. The Khadi 
and Village Industries Commission (KVIC) has dovolopod 
a range of designs using a well-insulated cylindrical 
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vortical shaft, (so© figuro 4.1). Th© Kilns are designed to be 
coal-fired and operated continuously, but they can also be 
used in a batch firing mode and can use firewood as fuel. 
A design for burning lime-shells is also available. Designs 
arc available for production ©calcs of 3, 0 and 1 0 tons per 
day. When coal-fired, using coal with a calorific value of 22 
MJ/kg, fuel consumption can be as little as 12.5 per cent 
by weight of the limestone. These kiln designs have been 
widoly replicated in Indio through the training programme© 
of the KVIC (KVIC, undated). They have also been adopted 
in several African countries (Spiropoulos, 1985, Spence 
and Sakula, 1981). 


Another design for an output of 10 tons per day has been 
developed and tested by the Central Building Research ln- 
etituto. It i’o a taporing cylindrical shaft, 11m high, with on 
internal diameter varying from 1 .8 m at the bottom to 3.0 m 
at the widest point, 6.9 m from the bottom. Above this the 
diameter becomes smaller again. The kiln is constructed in 
masonry, strengthened with external reinforced concrete 
columns. It is loaded mechanically. The objective of the ta- 
pering shaft is to improve draught and uniformity of heat 
distribution. Details of fuel consumption and the extent of 
diffusion of this toohnology in the industry ore unknown. 


Also in India, the firm of Dyerslime and Chemicals Pvt. Ltd. 
has devolopod largor kilns for daily outputs of CO to 40 tons 
of lime. These are cylindrical shaft kilns of a diameter 3.66 
m and a height 12.2 m, constructed of masonry with a re- 
fractory lining with an insulating layer between. They are 
semi automated and doslgncd for 3omi-continuoua oper- 
ation. Fuel consumption is 1800 to 2000 keal/kg limestone. 
This technology is well established and tested (UNIDO, 
1987). 

The Indian Standards Institute has published standards for 
the design and installation of lime kilns (IS: 1849-1 967), and 
for the manufacture of lime in vertical mixed feed type kilns 
(IS; 1861 1061). Thoeo ctandardc havo cubooquontly boon 
subject to various amendments. 

In Indonesia, diesel and waste oil are commonly used as 
fuels for lime kilns, as thic is a locally produced fuol. Tradi 
tional kilns are adaptations of kilns used for wood-firing, 
with a single static oil burner inserted into the kiln through 
an opening in the bottom. This causes very uneven burn- 
ing and ie wasteful of fuol. Tho Coramio Roooorch Inotitut© 
has developed new designs for oil-firing at scales of 6 tons 
per day and 3-4 tons per day (see figure 4.9) The kilns are 
constructed from masonry, with a lining of locally produced 

refractories. The firing system coneiete of three steam pro 

pelled static diffusion burners, which are equally spaced 
around the kiln. Fuel efficiency of the larger kiln is 1800 
keal/kg. A report describing the kiln and its performance 
has been published (UNIDO, 1983), but the current state of 
diffusion of the technology is not known. 


in Rwanda, PPCT/COOPIBO nave developed a i mall lime 
kiln which is fired using peat as the principal fuel Schilder- 
man, 1985a). 



Figure 4.9. Indonesian oil-fired limi* kiln 
Source: Ceramic Research Institute 


In Honduras, VITA developed a new lime kiln d€ 
able for local construction, (see figure 4.10). 
consists of an arched inclined chimney on a slof < 
The kiln cross- section is in the shape of a catena 

height and hasp width of 1 .8 m, and it has a lei 
m, with a 5 m high chimney. There are two door ; 
end for loading and unloading and every two 
each side, firing holes for adding wood fuel. The 
successfully demonstrated, hut the current stat 
known. 


Other innovative small-scale kiln designs have 
ported by the Building Research Station, Pa||>i 
Guinea, Halcrow Carribean and by the Building 
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Research Institute at the University of Kumasi. A review of 
some of these kiln designs is given in Wingate (1985). 



Figure 4.10. VITA inclined chimney kiln 
Source: VITA (1977) 


Hydration 

The Central Building Research Institute in India has de- 
veloped a small scale mechanical hydrator, for the 
production of 1 0 tons per day of dry hydrated lime. The hy- 
drator has three chambers mounted one above the other, 
and operates at atmosperic pressure. The steam gener- 
ated during the hydration process is used to heat the 
incoming water. A wet dust collector is incorporated. It 
operates with a 7.5 HP electric motor, and weighs about 4 
tons. The technology is reported to have been widely repli- 
cated (CBRI, 
undated) 


4.6.2 Lime-pozzolana binders 

Except in a few countries, such as India and Indonesia, 
where burnt-clay pozzolanahas been in use for a longtime, 
the use of lime-pozzolana binders is an innovative concept. 
The key importance of binders in every building operation, 
coupled with the very high costs of installing cement plants, 
has resulted in an active world-wide interest in possible low- 
cost substitutes, which can be manufactured on a 
small-scale using local materials. Experimentation has 
been particularly active in Asia, and there have been not- 
able innovations in Africa and Latin America. 


Rice-husk ash pozzolanas 

Binders based on rice-husk ash have been seen as a par- 
ticularly promising technology for rice growing countries, 
especially in Asia. Over 20 million tons of rice-husk ash are 
produced every year, and much of this still goes to waste. 
Early innovations made use of ash from field burning or 
boiler ash. The ASHMOH technology, developed by Dr 
Kapur and colleagues at the Indian Institute of Technology, 
Kanpur, involves intergrinding rice-husk ash, hydrated lime 
and a small proportion of Portland cement in a ball mill for 
a period of about six hours. The proportions of the ingre- 
dients are rice-husk ash 64 per cent, lime 27 per cent, 
Portland cement 9 per cent. Compressive strengths of 20 
to 28 N/mm 2 at 28 days are claimed, although the produc- 
tion average is probably less than this. ASH MOH is bagged 
for sale as a masonry cement for use in mortars, plasters 
and low-strength concretes, and concrete blocks (Kapur, 
undated). The same process was adapted for use in Ma- 
laysia where the raw material used was boiler bottom ash. 

Experimental work at Asian Institute of Technology, Bang- 
kok, and the University of New South Wales, Australia, has 
shnwn that burning at temperatures exceeding 700 ° C 

forms non-reactive crystalline ash, and that uncontrolled 
burning wastes a high proportion of the potential reactivity 
of the ash. More recent innovation has concentrated on the 

development of incinerators for controlled burning. Differ- 

ent designs have been proposed by the Indian Cement 
Research Institute (CRI), the Pakistan Council for Scientific 
and Industrial Research (PCSIR), and the Asian Institute of 
T nr.hnnlriQy and the University of Khon Keen, both in Thai- 
land, (see figure 4.11). CRI has developed a complete 
technology for the production of rice-husk ash masonry 
(RHAM) cement, at a scale of 2 to 4 tons per day, which 
has hfifln flvtflnsivAly diffused in Northern India. RHAM ce- 
ment satisfies the highest grade, LP40, of the Indian 
Standard IS:4098-1967 for lime-pozzolana mixtures, and is 
therefore suitable for all construction purposes except re- 
informed nonrr«l-e The extent of diffusion of tho 
technologies developed in Malaysia, Pakistan and Thai- 
land is unknown. 

I he Hegional Centre for Technology Transfer in Bangalore 
has established a Regional Network to assist in the diffu- 
sion of rice-husk ash technologies in the region, which has 
produced various progress reports. The Intermediate 
Technology Development Group conducted a review ot 
progress in development and application of rice-husk ash 
cements in 1983 (Smith, 1984). 

Rice-husk ash binders have also been introduced in South 
America by Servivienda in Colombia. The cement, referred 
to as CCA, is produced in a number of small factories. Its 
exact composition is not known, but it is used primarily for 
the production of concrete blocks (Dalimier, 1986). 
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Plant ashes other than rice-husk ash also offer potential for 
future use. At the Central Building Research Institute in 
India, a number of materials have been investigated, in- 
cluding coconut-pith ash, which experiments have shown 

to be highly reactive with lime when burnt at a temperature 
of 400 ° C. A process of firing the coconut-pith to maintain 
low temperatures has also been devised. It involves mak- 
ing halls of clay and coconut pith mixed with water, which 
are strong enough when dried to be stacked in a kiln, or an 
open clamp, and contain enough organic matter to burn 
with no added fuel. The resulting plant ash/clay pozzola- 
na satisfies LP7 of the Indian Standard IS:4098-1967 and 
is suitable for use in mortars and plasters (Dass, 1986). 


Volcanic pozzolanas 

In Guatemala, Indonesia and several African countries, vol- 
canic ash deposits have been found which are natural 
pozzolanas These have heen exploited in a variety of in- 
novative ways. 

At Lembang near Bandung in Indonesia, a coarse volcanic 
ash has been used for some years for the production of 
trass of "batako’ blocks. These are made by a hand-mould- 
ing process from a mixture of 80 per cent volcanic ash and 
20 per cent locally produced lime. The industry is well es- 
tablished. and has received assistance from the Directorate 
of Building Research in Bandung in the design of improved 
moulding and handling equipment (Abbas, 1977). 


Near Arusha in the United RepLiblic of Tanzania, there are 
large deposits of a fine volcanic ash, which was used as 
the raw material for a small production plant which was es- 
tablished by the Small Industry Development Organization 
with assistance from the Intermediate Technology Devel- 
opment Group to produce a lime- pozzolana binder. The 
lime was produced in a KVIC-type kiln from a local deposit 


\i e 

i two- /! 


of surface or kankar limestone, with firewood as 
using platform slaking. The "pozzolime" binder 
by blending ash and lime in equal parts manually 
product was screened through a 3 mm sieve, 
packed in 20 kg bags for sale, or used to make 
blocks. Experimental work on the blending and u: 
pozzolana binders was carried out during a 
production phase, which has been reported (S; 
Sauni, 1980). Production from the plant lapsed 
agement was transferred to the Icoal village, and tl|i 
status is unknown. A study was also made of the 
of reactivity of the ash through the deposit leadin< 
important guidelines for future raw materials inve 
(Allen and Spence, 1983). A follow-up study 
made of comparable deposits in Kenya, but so 
has been no use made of them. 
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At Kigali in Rwanda, an industry has been establi bed pro- 
ducing a volcanic lime-pozzolana binder k town as 
LIPORWA. As this is a blend of lime and pozzolan 3 with ce- 
ment it is discussed in section 4.6.3 below. 
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Burnt-clay pozzolanas 

Burnt-clay pozzolana is a traditionally used bindir 
al in India where it is known as "surkhiV During th j 
decades there have been numerous projects tc 
economic processes to produce a reactive "surkl i 
a consistent quality satisfying Indian Standarc i 
would be cheaper than Portland cement for 
applications. These involve firing under controllii 
tions, followed by yrindiny in a ball mill. Proof: 
production at scales of 2, 5 and 10 tons per day 
developed by the Khadi and Village Industries Coi 
(KVIC, 1975), but these do not appear to have 
ly taken up because the coat advantage relative 
price of Portland cement has generally been 
The National Building Organisation in Delhi de 1 
fluidized bed burner for the economical firing of 

zolono, but thio also appoaro not to havo 
replicated. A small downdraught kiln for controlli 
clay pozzolana was developed and tested by th* 
Centre for Environmental Studies in Pondicherryk; 
1976). The Central Building Research Institute al 
has developed a variety of processes for the pro< 
lime-pozzolana binders based on burned clay 
other pozzolanic materials (Dave, 1986). The rec 
of firing the clay at temperatures exceeding 600 
clay pozzolana an energy-intensive technology, 
when produced at a small scale, and binders 
natural pozzolanas or pozzolanas produced from 
will tend to be more economical. 
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4.6.3 Blended cements 

The increased availability of Portland cement \ rorldwide 
has led to extensive research and development work into 
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the production of cement blends, which would combine the 
uniformity and rapid strength gain of Portland cement with 
the use of a filler or extender based on a locally produced 
row material. The moulting materials tond to havo proper 

ties which are intermediate between those of 
lime-pozzolana binders and Portland cement, to be suit- 
able for low-strength applications and to cost substantially 
loccthan Portland oomont. In como of thoco proceccoc th© 
blending material is chemically inert. Intergrinding of ordi- 
nary sand limestone or basaltic rock has been practised in 
Egypt (Galal and others, 1983), and experimentally inves- 
tigated by tho Building Roeearch Centro in Iraq (Ibrahim 
and others, 1983). Blending of up to 25 per cent burned- 
clay or fly-ash pozzolana with the Portland cement during 
cement production is also commonly practised in India, to 
a national standard for Portland-poazolana cement. 

Blended cements in which materials other than Portland ce- 
ment dominate the mixture have been produced using a 
variety of pozzolanic mixtures. In India, the Indian Institute 
of Technology at Kanpur has developed ashment, a blend 
of rice-husk ash with Portland cement in the ratio 2 to 1, 
which can be produced in a small grinding plant at scales 
down lo 000 tons per year (Kapur and Gai, 1900). Gome 
small plants in the vicinity of the Institute were established 
in 1982, but the subsequent diffusion of the technology is 
not known. 

A blended cement based on Portland cement with rice husk 
was also developed in Thailand at the Asian Institute of 
Technology, Bangkok, and at Khon Kaen University. 
Studies at Khon Kaen University showed that a mixture of 
equal weights of Portland cement and rice-husk ash, inter- 
ground for two hours, had strengths at 28 days 
approaching or even exceeding that of Portland cement 
(Cnmaaprasin, iy»d). A pilot plant was built ana Tested, but 
there has to date been no diffusion of this technology. 

In Botswana, a blended cement known as Setswana Ce- 
ment is manufactured from 50 per cent Portland cement, 
10 per cent lime, 10-15 per cent brick waste and the remain- 
der coal ash. The coal ash and brick waste are local waste 
products, the lime is manufactured from a waste heap of 
doiomitic limestone adjacent to the grinding plant, and the 
Portland cement is imported. The lime, coal ash and brick 
waste are ground together in a ball mill (locally made) for 
two hours and the Portland cement is then added. The price 
is somewhat lower than that of imported Portland demerit, 
and the rate of strength development of the cement is 
higher. The initial production capacity of 2.5 tons per day 
is being increased to 40 tons (Shresta, 1986). 

In the Philippines, a small voluntary housing association in 
Cebu has developed a pozzolanic binder using a blend of 
70 per cent fly ash, 20 per cent Portland cement, and 10 
per cent lime, interground for four hours in a ball mill. The 
binder is sold for half the cost of Portland cement. 


Production at a scale of 0.8 tons per day started in 1984 
(Pagtambayayong, 1984). 

In Rwanda, a local voluntary organization, COOPIBO, has 
established a small factory for the production of a pozzo- 
lanic binder known as LIP0RWA. The binder is made by 
intergrinding a blend of 62.5 per cent volcanic ash pozzo- 
lana, 25 per cent Portland cement, and 12.0 per cent lime. 
The Portland cement is obtained at market prices (at $280 
per ton, one of the highest ex-factory prices in the world) 
from a small factory near Kigali. The lime manufacture is a 

pail uf the piucw&s and is caiiicd out using A mixed feed 

vertical shaft kiln which uses peat as fuel. Both limestone 
and peat are obtained by manual operations from sources 
close to the factory. The pozzolana used is derived from a 
volcanic-ash cone located about 40 km away and is of only 

moderate reactivity. It is dried in a specially constructed kiln 
and interground with the other ingredients in a vibrating rod 
mill to a fineness exceeding 3500 cm 2 /gm (Blaine). The 
binder is then bagged for sale as a masonry cement (Apers, 
Plentinck and Verschure, 1983). 

The operation is highly innovative in a number of respects, 
notably In the design uf the btei id, the gr inding techniques 
used, and the use of peat as a fuel for a mixed-feed lime 
kiln. The establishment of the factory in 1 983 was preceded 
by a period of more than six years of experimentation with 
raw materials, processes and uses, as well as a detailed 
study of the market for the cement and of production costs. 
The plant is well established at a small production scale of 
about 120 tons per month, and the product costs slightly 
mure than half that uf the lucally pruduced Put Hand ce- 
ment. Considerable effort has been concentrated on the 
popularization of the binder through demonstration pro- 
jects, instruction manuals etc. The bags in which LIPORWA 

is packed alsu cuiilain instructions fur its proper use (Schil- 

derman, 1985, Schilderman, 1985a). 

Research into the material’s properties has continued since 
tne factory was established, and methods of improving the 
quality of the product by adjusting the fineness, blending 
proportions and through the use of various additives have 
been studied. An expansion of the production plant to an 
output level uf 3,000 tuns is now proposed (Schilderman, 
1985). 


4.6.4 Gypsum plaster 

Deposits of rock gypsum are abundant in many developing 
countries and the number of small-scale production plants 
for crushing and calcining gypsum plaster is increasing 
(Suain, 1 982). There are small-scale gypsum production in- 
dustries in the South Asian subcontinent and in many other 
parts of Asia. In South America, many countries have a 
rapidly expanding gypsum industry. There is increasing 
potential for low-capifal, small-scale production in many of 
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these regions. Localization of gypsum deposits in some 
countries does however mean that use will be regional with- 
out the transporting of calcined plaster to national markets. 

In Cape Verde, simple gypsum pressing plants have been 
developed for calcining relatively pure gypsum sands. The 
basis of the technology is a simple rectangular kiln 1.5 x 
2.0 m in plan and 1 .0 m high (see figure 4.12), The top sur- 
face of the kiln is a flat steel sheet made by flattening old 
oil drums. I his surface is heated from below, calcining the 
gypsum in about 30-45 minutes, during which time it is 
turned over with a wooden rake. Daily production capacity 
is about 1 ton of gypsum plaster; for which 250 kg of fire- 
wood is need. The gypsum plaster is used locally in the 
manufacture of cast-gypsum blocks in simple wooden 
moulds (see figure 4.13), The technology has been de- 
scribed by Cramer (1979) and Smith (1982). Similar simple 
cooking plates have been used in Algeria and other parts 
of North Africa to calcine gypsum sands but with relatively 
poor fuel efficiency (OCRS, 1982). 

Other uses of gypsum are being developed. There is in- 
creasing interest in using it tor stabilizing soil and using its 
binding properties in construction as well as its more tradi- 
tional use as a render and wall liner. At the Building 
Research Station at Lahore, Pakistan, it has been demon- 
strated that gypsum mortars can develop strengths that 
comply with national building codes (Mohammed and 
Iqbal, undated). The reintroduction of gypsum concrete in 
building codes in India and its use in construction in 



Figure 4 12. Small gypsum plaster kiln in Main Island 
Source: Smith (1981) 


Algeria show that there may be wider applicatior 3 
of low- strength concrete. The development of hi ;l 
nology reinforcing methods for gypsum produc : 
to the use of precast gypsum construction o! 
buildings (CSTB, 1 985), and development is con ii 
reinforcement and aggregate additives for precai t 
in wider use in construction. (OCRS, 1982, 
1961). Experimentation on stabilizing soil blocks 
partment of Building Research in Ankara and in 
programmes of the French Government (Kafesckfi 
Nolhier 1986), have shown that the lifespan 
blocks can be considerably prolonged at little i 
cost by the addition of gypsum as a stabilizer. 
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There is widespread interest in many developing 
in the increased use of gypsum as a substitute 1 
in casting building blocks and other prefabri' 
ducts. Experiments in North Africa are continual 
reinforcement of gypsum castings with steel, 
there are inherent problems of bonding. Preffcl 
plants in Senegal have been used to produce a 
housing developments and public buildings \ 
forced gypsum cast units on a ferro-cement fran < 


countries 
ir cement 
ited pro- 
>g on the 
although 
ibrication 
rjumber of 
iing rein- 
lework. 


The pace of economic development of many developing 
countries means that the proportion of buildings requiring 
higher quality finishes is increasing. The potential for small- 
scale and low- capital-investment qypsum plants 1 o expand 
into producing render finishes and plasterboard in the 
longer term is considerable. 



Source : Smith (1981) 


46 


Low-Cost Binders 



Further reading 
Lime 

Boynton, R.S., Chemistry and Technology of Lime and Limestone ('Chichester, John Wiley and Son, 1980). 

Groupe de recherche et exchanges technologique, La Chaux: sa production etson utilisation dans I'habitat (Paris, 1985). 
KVIC, Lime Kiln Designs (Bombay, n.d.). 

Spiropoulos, J., Small Scale Production of Lime for Building in Developing Countries ; a Guide to Project Design and 
Implementation (GATE, 1985). 

United Nations Industrial Development Organization, A Mini-Lime Plant Manual (to be published). 

Lime in Industrial Development a UNIDO Guide to its Uses and Manufacture in Developing Countries 

(IS.555) (Vienna, 1986). 

Wingate, M. (ed.), Small-Scale Lime-burning (London Intermediate Technology Publications, 1985). 


Pozzolana-based binders 

Apers, J., Pletinck, M., and Verschure, H., A pozzo-lime cement industry in Rwanda, in Appropriate Building Materials for Low- 
cost Housing, vol. 2 (London, E. and F.N. Spon, 1983) p.86. 

Cook. D.J.. Rice Ash Cements: Their Development and Applications (Vienna. United Nations Industrial Development Organ, 
ization, 1984). 

Hammond, A.A., Pozzolana cements for low-cost housing, in Appropriate Building Materials for Low-cost Housing, vol. 1 
(London, E. and F.N. Spon. 1983) p.73. 

KVIC, Lympo (Bombay, 1975), 

Smith. R.G.. Rice Husk Ash Cements: Their Development and Applications (Vienna, United Nations Industrial Development 
Organization, 1984). 

Spence, R.J.S., Small-Scale Manufacture and Cementitious Materials (London, Intermediate Technology Publications, 1980). 

Spence, R.J.S., and Sakula, J„ Pozzolime as an alternative cementing material, in Appropriate Technology in Civil Engineer 
ing (Lonodn, Thomas Telford, 1987). 

United Nations Centre for Human Settlements (Habitat), The Use ot Selected Indigenous Building Materials with Potential for 
Wide Application in Developing Countries (Nairobi, 1 985) (HS /83/85/E). 

Blended cements 

Chindaprasirt, P., Low-cost Cement for Rural Areas (Khon Kaen University, Faculty of Engineering, 1 983). 

Eldarwish, I.A., and Shehata, M.E., The use of blended cement in concrete, in Appropriate Building Materials tor Low-cost 
Housing, vol- 1 (London, E. and F.N. Spon, 1983) p.137. 

Galal, A.F., Portiand-basalt mixed cement, in Appropriate Building Materials lor Low Cost Housing, vol. 1 (London, E. and 
F.N. Spon, 1983) p.84. 

Kapur, P.C., and Sai, A.S.R., Ashment Cement (Kanpur, NT, 1980). 


47 


Low-Cost Binders 


q 


Kawiche, G.M., Production of Portland-Pozzolana cement in Tanzania, in Appropriate Building Materials forLow-c >sf Hous- 
ing, vol. 2 (London, E, and F.N. Spon, 1985) p.97. 

Gypsum 

British Gypsum, The White Book: Technical Manual of Building Products (Nottingham, 1986). 

Blilisti Standards Institution, Specification tor Gypsum building Plasters, BS 1191 : Part 1 : 1973 (London, 1973). 

Centre scientifique et technique du bStiment, Construire an platre dans les pays en dpveloppement, Extrait du Magazine 
CSTB No. 36 (Paris, 1985). 

Groupe de recherche et d'echanges technologique, Le plitre: sa production et son utilisation dans I'habitat, Dosser tech- 
nologies et developpement (Paris, Ministers de la Cooperation et du Developpement, 1982). 

Noihiei , m., Construire eri plane (Paris, L'tiarmanan, vines ei Entrepnses, iyti8). 

Organisation commune des regions sahariennes, Le platre dans la construction au Sahara (Algiers, 1982). 


Smith, R.G., Gypsum, Chapter 9 in R.J.S. Spence (ed.), Lime and Alternative Cements (London, Intermediate 1 
Publications Ltd., 1974). 


Te ihnology 


Spence, R.J.S. , and Cook, D.J., Gypsum, lime and pozzolans, Chapter 6 in Building Materials in Developing I Countries 
(Chichester, John Wiley and Sun, 1964). 


48 


Low-Cost Binders 


Equipment manufacturers and 
suppliers 

GERMANY, FEDERAL REPUBLIC OF 

Mannesmann-DEMAG AG 
HunentecnniK 
Forstrasse 16 
D-4000 Dusseldorf 
Lime kiln systems 

Eberhardt Gmbh 
Postfach 1266 
D 3340 Wolfenbuttel 
Lime kiln systems, shaft 

Maerz Ofenbau Gmbh 
Postfach 5406 
D-4000 Dusseldorf 1 

Lime kiln systems 


INDIA 

Dyers Lime and Chemicals Pvt Ltd 
10, Alipur Road 
Delhi 110054 
Shaft kilns 


ITALY 


Fercalx S.R.L 
Via Bergamo 43 

1-24047 Treviglio 

Lime kiln systems, shaft kilns and hydration equipment 


SWITZERLAND 

MAERZ OFENBAU AG 
Richard Waoner Strasse 28 
CH-8002 Zurich 
Lime kiln systems, shaft kilns 


UNITED KINGDOM 

Baird and Tatlock 
Freshwater Road 
Chadwell Heath 
Essex 

General laboratory equipment 

Engineering Laboratory Equipment 

Eastman way 

Hemel Hempstead 

Herts HP2 7HB 

General laboratory equipment 

Sturtevant Engineering Co 
Hamlyn House 
Highgate Hill 
London N19 5PP 

nyUrdtliMi systems, crushing unU yrlnuiny plant 

Wykeham Farrance 
Weston Road Trading Estate 
Slouch 

Berks 8L1 4HW 
General laboratory equipment 


UNITED STATES OF AMERICA 

Azbe Corporation 
St Louis 
Missouri 
Lime kiln systems 
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Fibre-cement roofing (FCR) 



5.1 Introduction 

The use of fibre to improve the properties of a cement- 
based product is well known, mineral asbestos fibre mixed 
with cement being one example. The use of high-modulus 
synthetic fibre to increase the tensile strength of concrete 
has also been well researched and has numerous indus- 
liial applications. 

This chapter discusses the use of low-modulus vegetable 
fibre mixed with cement and sand to form a roofing materi- 
al known as fibie-concrele roofing (FCR). Thw chaptei is 
limited to applications of FCR aimed at providing a low- 
cost, durable roof cladding material which can be 
produced in a developing country using locally available 
raw materials and reaourcos. 

Early developments of FCR concentrated on the produc- 
tion of large sheets in order to simulate the closest known 
technology, asbestos cement roofing sheets, using fibres 
to reinforce a rich sand/cement mortar. These large sheets 
were found to be too heavy to install easily by hand and too 
weak in bending strength to withstand their own and im- 
posed loads. 

To overcome these problems the size of the sheets was re- 
duced to 1 sq m, or slightly less and in this form the 
toohnology wao implomontod ;: with only minor variations in 
17 countries worldwide (SKAT, 1987). In 1983 the size for- 
mat of the FCR product was reduced again with the 
introduction of 500 x 250 mm pantiles, the small size allow- 
ing a thinnor product duo to lower coif loads. 

In recent years the FCR technology, particularly in the 
tile form, has seen rapid growth and acceptance. For in- 
stance, it io cotimatcd that in Kenya and Uganda alono thoro 
are over 60 small scale plants producingFCR tiles, with the 
capability to manufacture over 250,000 sq m of roofing per 
year. Parry, the main supplier of the FCR tile producing kits, 
hac cold over 600 unite worldwido cinco 1 Q83 with a thooro 
tical output of over 2 million square metres of roofing per 
year. In addition, FCR is beginning to receive government 
approval with the introduction of a Kenya Bureau of Stan- 
dards Cods for FCR tiles and official acceptance by the 
Government of Ghana of FCR tiles as a durable roofing ma- 
terial. 


fresh - ideally less than one month old as the qi 
ment deteriorates with time. Care should also 
ensure the cement has not been stored in damp 
ac oven storing in moiot air will adversely aff< 
quality. 
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Sand 


Sand is an important ingredient in the production 
and its quality should not be taken for granted 
poor quality sand will result in weaker and oft< i 
FCR products. The best quality FCR products 
duced from clean, well graded, angular sai 
maximum particle size of 2 mm. Boonstra (1 985] 
that sands with between 35 per rent and 4f) per 
particles in the 0 075-0.25 mm range and with 
below 0.075 mm or above 2 mm should prodli 
strength FCR tiles. Flowever, in practice, particul 
veloping countries, a selection of sands is 
available and an FCR producer is normally for< 
any sands which are locally available. In this cai * 
to sands which are not suitable is more helpful 
defining the ultimate grading curve. 
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Sands with above 5 per cent clay and silt conten are to be 
avoided as are sands with a predominance of si igle-sized 
particles. If sands with these characteristics an the only 
ones available they can still produce acceptal le quality 
FCR products if the clay and silt are washed out in the for- 
mer case and if they are mixed with a different tyf ie of sand 
in the latter. If all else fails then an increase in tf e cement 
content to the mix will produce a reasonable q jality pro- 
duct with all but the very worst sands. However this step 
should be taken as a last resort as it will signi cantly in- 
crease production costs. 


>n of FCR 
' he use of 
n porous 

are pro- 
with a 
suggests 

int nf thAir 

particles 
luce high 
i arly in de- 
lot often 
id to use 
e a guide 
than data 


c e» 


Fibres 


5.2 Raw materials 


Gerrieril 

Ordinary Portland cement (OPC) conforming with BS 12 or 
a similar standard is the cementing material recommended 
in the production of TCR products. The OPC U3ed should 
be of the highest quality available and cement suspect in 
quality should be discarded. The cement should be 


A wide range of vegetable fibres has been tested ind found 
to produce an acceptable quality FCR prod ict. Parry 
(1985) states that only those fibres which have fie follow- 
ing properties are unsuitable: 


• Stiff fibres 

• Oily or greasy to touch 

• Impregnated with cement-affecting cherr cals (e.g. 
sugar) 

• Susceptible to large dimensional chan jes when 
changing between wet and dry state. 
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In practice, however, sisal and coconut coir are by far the 
most commonly used with abaca, jute and palm-nut used 
to a lesser extent. Preparation of fibre involves washing, 
drying and separating. In some cases boiling may be 
necessary to remove cement-retarding chemicals. It is 
often possible to purchase fibre prepared for other pur- 
poses, such as sisal for ropes and coir for brushes and 

mattrcaaos. Man-made fibrea such as polypropylene can 
be successfully used if they are available at a competitive 
cost. 

Parry (190G) suggests the following method for testing the 
suitability of a fibre. The sample fibre is chopped up and 
mixed in asand cement mortar weighing 100 times the fibre 
weight. It is then left to set overnight. Next day it will be seen 
that some fibres protrude from the concrete. If thcec can 
be pulled out very easily or if the concrete surrounding the 
fibre is discoloured or powdery, then the fibre is unsuitable, 
probably because of a contaminant such as sugar. 

The draft Kenya standards on FCR tiles (Kenya Bureau of 
Standards, 1987) states that fibres used in FCR should 
have the characteristics shown in table 5.1. 


Table 5.1. Fibre specifications for FCR from the draft 
Kenya standards 


Characteristic 

Average 

value 

Minimum 

value 

Density KN/mm 3 

12 

9 

Toncilo ctrongth (N/mm 2 ) 

600 

200 

Modulus of elasticity (N/mm 2 x 10) 

2.6 

0.9 

Strain (ultimate) (percentage) 

3.3 

1.0 


Water 

Generally, water which i3 suitable for drinking io rccom 
mended for the man ufacture of any cement-based product. 
The use of water containing impurities could result in slower 
setting times and a weaker product. If there is doubt about 
water quality from a particular source it ie recommondod 
that specimen products are made and their setting time and 
strength compared with samples produced with clean 
water. 


Optional additives 

The range or optional additives tnat can be included in FCR 
mortar mixes are similar to those used in conventional con- 
crete technology. They include accelerators, plasticizers, 
waterproofing agents and colouring pigments. Of these 
only colouring pigments are commonly used in FCR pro- 
ducts, normally in the form of iron oxide to produce red 
tiles. However, a case could be made for the use of all the 


other additives mentioned, if they are available at a reason- 
able cost as they will produce higher-quality FCR products 
and/or assist in the production process. The economic 

and technical viability of using additives will be site specific 
and would require individual evaluation. Any additives used 
should comply with a relevant standard. 


5.3 Production technologies 

The prnrli intinn ter.h no Ingles for FCR tiles and sheets, al- 
though basically similar, differ slightly and will therefore be 
dealt with separately; a typical technology is described in 
each case. 

5.3.1 Tiles 


Preparation of materials 

The sand is sieved using a 2 mm sieve. Only the fraction 
passing is used. If the sand contains above 5 per cent clay 

and 5ilt, washing will be necessary. The fibres are chopped 

to an average length of 1 5 mm with a maximum length of 
20 mm and a minimum of 10 mm. 


Moulding 

1 . Cement and sand are mixed dry in the proportions of 
l :d (cement:sand) by weight. 

2. 0.75 per cent by weight (of the cement and sand mix- 
ture) of chopped fibre is added and mixed in to provide 
even distribution. 

d, water is aaaea ana mixed witn tne dry fibrous monar 
taking care not to add an excess of water. 

4. The hinged frame on the vibrating table is lifted and a 
polythene interface sheet is placed on the table. The 
frame is tnen closed ana lockea in position. 

5. A measured quantity of mortar is placed on the vibrat- 
ing table and is vibrated and screeded for 
approximately 40 seconds until a flat, smooth and even 
surface is achieved (see figure p.i). 

6. A small quantity of the fibrous mortar is used to form 
a nib and is vibrated for a few seconds to ensure bond- 
ing to the tile. 

{. A galvanized wire loop is then pusned into the mb. This 
loop acts as a fixing device and is nailed to secure the 
tile to the batten. Alternatively, a hole can be made in 
the nib itself by pushing a nail through the nib. 

8. i he metal frame on the vibrating table is unlocked and 
lifted. 

9. The polythene interlace sheet under the vibrated mor- 
tar is lifted and thus the mortar is transferred to the 
pantile mould. Care is taken in aligning tne wet mortar 
on the mould to ensure the correct shape of the fin- 
ished pantile. 
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Curing 

10. The mortar is allowed to harden on the mould for 24 
hours away from any heat souroe. In hut dry conditions 
polythene sheeting should be placed over a stack of 
moulds to increase humidity which prevents rapid 
drying leading to unacceptable cracking. 

1 1 . After 24 I iuuis U le FC tile is carefully removed from the 
mould and interface sheet and the edges of the tile 
“cleaned off with a knife. 

12. The tiles are then cured underwater for a minimum peri- 
od of seven days. 

13. The tiles are removed from the water and allowed to 
dry and air cure for a further 21 days, preferably in the 
shade. 



Figure 5.1. Fibre concrete tile moulding - the Parry process 
Source: ITDG 


Energy requirements 

In this technology the electrical motor in the vibrating table 
requires only 50 watts and is normally powered by a 1 2-volt 
car battery. Mains electricity can be used via a 12-volt bat- 
tery charger (to reduce the voltage and to convert from AC 
to DC). No other energy sources are required. 


Output range and costs 

The output range in terms of tiles per day depends largely 
upon the number of moulds that are available (each tile 
must cure on a mould for 24 hours). Experience has shown 
that as many as 300 tiles can be produced on one vibrat- 
ing table in one eight-hour shift witn tour workers. At this 
rate of output quality often suffers and a maximum speci- 
fied output of 240 liles per day is more realistic. If more 
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moulds were available a shift system could be uiisd and in 
theory as many as 700 tiles could be produced from one 
vibrating table in 24 hours. Another method of ii icreasing 
output is to use a series of vibi citing tables workl lg along- 
side each other so that say five tables and 1 ,00 ) moulds 
could produce 1 ,000 tiles per day. 

Total production coetc including all fixed and varidblo oooto 
are normally in the range of $US 0.15-0.30 per ti e or $US 
2.00-4.00 per sq m of roof cladding. These figure s will vary 
depending upon local conditions. 


5.3.2 Sheets 

Preparation of materials 

As for tiles. 


Production procedure 


2 . 


3. 


fl Ell 


The mixing procedures are as for tiles excet t 
cement: sand proportion is 1:1 by weight an( 
content is 1 per cent by weight. 

A polythene interface sheet is placed on the|t: 
tween baseboard and frame. 

Mortar is placed on the table, trowelled to fo 
surface and vibrated by tamping the table 
the tamping bar. 

4. The table frame is removed and the mortar n 
fered to the corrugated mould with the interff 
by tilting one end of the baseboard and 
on to the mould, taking care to ensure con 
ment (see figure 5.2). 

Hardening and curing procedures are as for 


m a level 
.me with 


5. 



Figure 5.2. Fibre concrete roof sheet manufacture in Sri I .anka 
Source: ITDG 


that the 
the fibre 


table be- 


is trans- 
ice sheet 
the mix 
align- 


7 JCt 


r CR tiles. 


52 


Fibre-cement roofing 


Energy requirements 

Other than human power there are no energy require- 
merits. 


Output range and costs 

The process described above is the method of producing 
sheets developed by Parry. Reported daily outputs using 
the Parry method range from 10 to 30 sheets per day. Out- 
puts quoted from similar production methods developed 
in Kenya, the United Republic of Tanzania and Zimbabwe 
range between 4 and 20 sheets per day (Sakula, 1982). 

Material and labour costs would be typically SUS 2.00 per 
sheet with fixed costs adding between $US 0.20 and $US 
1 .00 depending upon the type of production facility. Thus 
FCR sheet cost per square metre of roof cladding will nor* 
mally vary from $US 3.00 to $US 5.00. 


5.3.3 Commercial technologies 

Tile production 

Thor© ar© only two known commercial suppliers of FCR til© 

production equipment, Parry and Associates in the United 
Kingdom and ECO Systems of Malawi. 

The Parry equipment comes in two forms, electrical or hand 

powered, which are supplied with 50, 100 or 200 plastic 
moulds depending upon the daily output required. The 
Parry kits also contain a number of accessories - batching 

boxes, quality, control jig, balance, plastering trowel, small 
sieve, interface sheets and an instruction manual.The pro- 
duct is a 500 x 250 x 6 mm pantile with a maximum daily 
output of 200 tiles. The labour force requirement is a mini- 
mum of three 

The ECO Systems equipment is hand powered and is sup- 
plied with one "mother mould" from which the purchaser 
produces his own concrete moulds. A number of acces- 
sories similar to Parry's are also supplied. The tiles 
produced on this equipment use a 1:2 cemenbsand ratio 
and are 600 x 285 x 6 mm in size. The maximum daily out- 
i put is 120 tiles with four workers. 


Sheet production 

There is no known commercial equipment supplier for 
sheet production on a small scale. The equipment required 
is very simple and can normally be made to order. Those 
organizations montionod in ohaptor 7 with oxportico in 
sheet manufacture will be able to offer advice. Sakula 
(1982) describes four sheet- making technologies. 


NFC from Sweden offers a technology package for produc- 
ing FCR sheets on a large scale (400 sheets per day), Little 
is known of this technology other than the sheet size, 1200 
x 733 * 8 mm and th« c©m©nt:sand ratio used of 1 :3 plus 
a special additive. 


6.4 Performance standards 

5.4.1 Technical specifications 

The technical specifications or hCM sneet and tiles vary 
slightly depending upon the manufacturing process in- 
volved. Table 5.2 gives typical figures: 

Table 5.2. Technical propenies of FRC sneeis ana tiles 


Properties Sheets Tiles 


Aotual size (mm) 1000 x 850x10 500 x 250 x6 

Shape Corrugated pantiles Sheet 

Covered area (mm allowing for laps) 850 x 700 400 x 200 


Unit weight (kg) 

20 

1.7 

Weight per sq m covered 

32 

22 

Units per sq m covered 

1.68 

13 

Cementsand proportion 

1:1 

1:3 

Cement content per sq m covered (kg) 

17 

6 

Sand content per sq m covered (kg) 

17 

18 

Fibre content per sq m covered (kg) 

0.05 

0.018 

Watercement ratio 

0.5 

0.55 


5.4.2 Performance standards 

Any roofing material should possess the following proper- 
ties: 

(a) Imperviousness to the elements (rain, snow, hail, sun, 
wind etc.); 

(b) Strength sufficient to withstand loads during transpor- 
ting, handling, installation and in situ on the roof; 

(c) Possibility of access by humans to the roof for repairs 
etc.; 

(d) Permanence of appearance (i.e. colour); 

(e) Protection protection against penetration from ani- 
mals (snakes, rats etc.) and humans (burglars): 

(f) Suitability for the collection of drinking water. 

When relating these desired properties to FCR products 
there ar© some points to consider. Some roofing material 

specifications allow for a person to walk on the roof direct- 
ly, while others such as clay tiles and asbestos cement 
sheets only allow a person to walk on the roof with the pro- 
vision of crawling boards to spread the load. FCR sheets 
and tiles will come into the latter category. Loads resulting 
from wind, earthquakes, etc. will obviously vary depending 
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upon geographic location and so no standard will be suit- 
able for all areas of the world. It should be noted that since 
many loads are evenly distributed and since FOR sheets 
are roughly eight times larger than FCR tiles, sheets will nor- 
mally have to withstand greater unit loads than tiles. 


(b) Fixing devices; 

(c) Water absorbtion; 

(e) Markings; 

(f) Quality and types of raw materials 

(g) Surface coatings. 


used; 


Bearing all this in mind the properties that should be spe- 
cified for FCR products are as follows: 

(a) Transverse strength; 

(b) Permeability; 

(c) Impact strength: 

(d) Surface defects; 

(e) Colour; 

(f) Nib strength. 

Other properties which might be specified are: 

(a) Dimensions and tolerance; 


A series of tests are summarized below, with s 

specifications foi FCR products in areas with 
not exceeding 45 m/s {100 mi/h). These spedl 
should be suitable for all areas except those liable 
quakes or hurricanes. In these cases the 
strengths required for the product ana fixings sn< 
creased by an amount proportional to the increas 
acting upon the roof. These specifications will on 
ficient if the buildings, and particularly the roof u 
the products are laid, are constructed to normal 
practice (e.g., a reduction in roof pitch will result 
wind loads). 
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Transverse strength test; 

FCR tilee; Compreeeiv© testing machine imposes central line load along profilo of tile, cupportod by 60x25mm t - 
at 400 mm span. Test wet after 24 hours under water. 

Minimum standard required: Average 35 kg with minimum of 25 kg. 

Source: Kenya Bureau of Standards (1987) 

Sheets: Compressive testing equipment or weights impose centra! line ioaa along prome or sneet, supported timbers 
(50x75mm) at 800 mm span. Double allowable load if uniformly distributed. 

Minimum standard required : 50 kg non- destructive, 100 kg first cracking 
Source: Sakula (1982). 


Permeability test : 

FCR tiles: 35 mm diameter glass tube, 300 mm long, placed vertically on tile and sealed. T ube filled to 250 mm vjith water. 
Drop in water level measured after 24 hours. Drips should not form on underside of tile. 

Minimum standard required: Drop in water level should not exceed 1 3 mm. 

Source: Kenya Bureau of Standards (1987) 

Sheets: Purpose-made container placed on sheet laid flat. Level of water is maintained at 20 mm above corrugation peak 
for 24 hours.imilar test to British Standard 4624 for asbestos cement sheet. 

Minimum standard required: No actual moisture on underside of sheet. Signs of dampness are perrr|issible. 
Source: Sakula (1982) 


Impact strength test: 

FCR tiles: 0.25 kg weight dropped from a height of 0.5 m. Minimum standard required: No cracking. 

Source: Kenya Bureau of Standards (1987) 

Sheets: I kg weight dropped from a height of 1m. 

Minimum standard required: No cracking. 

Source: Parry (1 985) 


Surface defects: 

FCR tiles: Visual inspection of surface. No visible cracks. No holes greater than 2 mm depth, or 5 mm in diameter. Maxi- 
mum 20 holes greater than 0.5 mm in any 25 mm 2 . 

Source: Kenya Bureau of Standards (1087) 
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Colour: 

FCR tiles: Intensity of colour should be permanent throughout tile. 

Source: Kenya Bureau of Standards (1987) 

Nib strength test: 

FCR tiles: Tiles supported close to the nib and weight hung from the nib. 
Minimum standard required: Nibs should support 20 kg. 

Suuiuv. Pany (1955) 

Fixings strength test: 

FCR tiles: Weights are hung from fixing device. 

Minimum standard required: Fixings should be able to support 20 kg. 
Source: Bullard (1987a) 

Sheets: Weights are hung from fixing device. 

Minimum standard required: Fixings should be able to support 50 kg. 
Source: Bullard (1987a) 


5.5 Uses in construction 

5.5.1 Technology choice - sheets 
vs tiles 

SKAT (1987) and Boonstra (1 985) have attempted to evalu- 
ate the relative advantages and disadvangates of FCR 
sheets and tiles. Both concluded that FCR tiles are a supe- 
rior product but the SKAT report suggested that in some 
cases sheets may be a more appropriate choice. 

In summary tiles have the following advantages: 

(a) Production costs are lower; 

(b) Ouality control during manufacture is easier; 

(c) Larger area of roof coverage is produced per day; 

(d) Handling and transportation are considerably 
easier; 

(e) Installation and fixing are more simple; 

(f) Less demanding on roof structure - able to take up 
unevenness; 

(g) Smaller stresses exerted on individual units due to 
smaller spans and lower self weight per sq m; 

(h) Replacement of individual units is easier. 

The only advantages of sheets over tiles are that the equip- 
ment costs are lower (typically around one third of those 
for tiles) and that their heavier weight increases the resist- 
ance to wind suction forces. 


5.5.2 Design and practice 

For the design and construction of buildings using FCR 
tilee and eheete normal construction practiooc for a similar 
product should be followed - clay tiles in the case of FCR 


tiles and asbestos-cement sheets in the case of FCR 
sheets. 

Roof structures 

Owing to their relative lightweight and large size FCR tiles 
will generally require around 30 per cent less timber in the 
support structure than clay tiles or convenLiunal uunuiele 
tiles. Support structure requirements for FCR sheets are 
similar to those for asbestos-cement sheets. In comparison 
with each other FCR sheets and tiles will require a similar 
quantity of timber in a support structure. However, tiles 
have the advantage of being able to take up unevenness 
in a roof structure and therefore require less exacting crafts- 
manship, as well as being more suitable for the use of uncut 
timber, for example eucalyptus poles for rafters and split 
bamboo as battens. 

The following specifications summarize the roof structure 
requirements for FCH sheets and tiles on a normal pitched 
roof with a span not exceeding 6.5 m and in areas with wind 
speeds not exceeding 45 m/s (100 mi/h). These specifica- 
tions are only a guide and will vary depending upon sizes 
and quality of timber U3©d. 


FCR tile and sheet laying 

Generally FCR tile and sheet laying is no different from that 
for conventional roof cladding materials, and is covered in 
BS 5247. Tile laying is illustrated in figure 5.3. If FCR tiles 

and Sheet3 are laid correctly it is not necessary to use water- 
proof membranes such as polythene or bituminous felt 
under the tiles. 

Fixing methods vary. Tiles are normally fixed with a nail 
either through the wire loop attached to the nib or through 
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Rafters and/or trusses 

Sheets: 150 x 50 mm rafters at 1.8m centres with 

trussed rafters at 3.6 m centres. 

FCR tiles: 100 x 50 mm rafters at 1.2 m centres with 
trussed rafters at 3.6 m centres. 

Eucalyptus poles can be used for either tiles or 
ohcots. 

Purlins or battens 

Sheets: 75 x 50 mm purlins at 0.85 m centres. Split bam- 
Doo may be used. 

FCR tiles:50 x 25 (or 35 x 35) mm battens at 0.4 m cen- 
tres Split bamboo may be used. 


Pitch 

Sheets: 15-30 (for pitches below 20° the end laps may 
require sealing) 

FCR tiles:22.5 - 35 



Source; ITDG 
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edge tiles and every alternate tile should be nail- 
hurricanes occur, tiles can be fixed in two places 
dition of a second nib which is nailed to the lowe r 
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The construction of hips and valleys is possible with FCR 
tiles although this is time consuming as each tile v ill require 
cutting and shaping by hand using a pair of pirjcers with 
care. 


In theory it is possible to shape sheets in the sai 
although in practice this is almost impossible 
use of a disc cutter. Ridge tiles should be fixed usi 
cement: lime: sand mortar. It is important that the 
weaker than the tiles or sheet so that any mov< 
cause cracking in the mortar rather than the tiles , 
on FCR tiles or sheets laid on the roof is not recoi 
without the use of crawling boards to spread thejl' 
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5.5.3 Transporting 

FCR sheets are not easily transported, particular! t 
surfaced roads, and losses can be quite high 
reason it is advisable to produce FCR sheets 
where they are to be used. T ransporting FCR tiles 
easier operation: they should be packed vei 
tightly on a flat bed, with a bed of sand if the roa< 
ticularly rough. Losses during the transporting ol 
properly packed are very low, normally betweei i 
per cent. 
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5.6 Innovations in FCR technolog/ 


6.6.1 Tiles 

To date the main supplier of FCR tile making Equipment 
has been Parry and Associates in the United Kingdom 
which haa aold over 500 tilo-making klto worldv ido einoo 
1983. In the past two years local designs have been de- 
veloped in India, Kenya, Malawi, Nepal, Sri Lank », Zambia 
and Zimbabwe. However, only the Malawian dev elopment 
hao roachod the etage where it ie commercially available. 
The main innovations worldwide are as follows, 


Vibrating tables 


the nib itself. Sheets are normally fixed with galvanized 
nails, hook bolts or with built-in wire loops. Each sheet 
should be fixed in a minimum of four places, preferably 
more, depending upon the fixing method chosen. In areas 
without high wind speeds it is common practice not to fix 
tiles, but to rest them on the nib; but it is still advisable to 
nail all edge tiles. In areas with higher wind speeds all 


The vibrating equipment supplied by Party and / ssociates 
is Dy far ihe most tried and tested available will over 450 
electrical and 50 hand powered versions in use. The vibra- 
tion is generated by an eccentric weight revo ving at a 
speed of approximately 50 Hz. Feedback has generally 
been favourable with few reported breakdowns and only 
minor problems in quality control. The Parr> electrical 
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models are now supplied wnn a cllp-on "MulTlvibe" vlDrai- 
ing unit which can also produce other vibrated concrete 
products, such as blocks and pipes, if used with the appro- 
priate moulds. Tiles made on the Parry equipment have 
formed the oasis ot the Kenyan bureau ot Standards spe- 
cifications for FCR tiles. 

Parry and Associates also produces a manually-powered 
vibrating table which will produce tiles in theory at the same 
rate as an electrical version. In practice the output is nor- 
mally reduced by around 20 per cent owing to the 
additional human effort involved. The cost of the hand 
powered vibrating table is more than the electrical version 
and it does require an additional labourer. However, it does 
have the advantage of not requiring any power supply at 
all other than human energy. 

The Rural Housing Programme in Malawi has developed 
an impact- driven vibrating table which has recently been 
marketed by ECO Systems in Blantyre. In this design the 
vibration is produced by rapid impact rather than a revol- 
ving eccentric cam as in the case of the Parry designs. This 
system uses one ’grandmother* mould from which the pur- 
chaser makes his own concrete moulds, and produces 
larger tiles with a shallower profile and higher cement con- 
tent than tiles produced on the Parry equipment. It is 
considerably lower, in cost than the Parry models but its 
long- term performance and reliability are unproven. Repair 
and maintenance difficulties are not anticipated as tne sim- 
plicity of design will allow repair in the most basic of rural 
workshops. Tiles made on this equipment have been 
tested at Blantyre Polytechnic, University of Malawi and 
found to be of an acceptable standard. 

The other known developments of vibrating tables are 
based on the revolving weight principle to produce vibra- 
tion and are either manual or electrically powered. Those 
with the greatest potential and most likely to become com- 
mercially available are the developments by Development 
Alternatives in India, HRDU/Thompson and Action-Aid in 
Kenya, and Ecological Designs in Zimbabwe (see figure 


Although basically simple equipment, the design and de- 
velopment of a quality vibrating table is not a simple 
operation and requires research, development and testing 
over an extended period by a competent engineering work- 
shop. 


Moulds 

The early tile moulds were made from concrete with an in- 
dividual wooden frame to allow stacking. These were found 
to be rather heavy and were replaced by lighter and easily 
transported vacuum- formed plastic moulds with screw-on 
wooden strips to facilitate stacking (see figure 5.1). 



Figure 5.4 fibre concrete tile manufacture ■ manual vibrator 
Source: 11 DG 


Later tile mould designs incorporated a curtain type ar- 
rangement which sealed the mould below and prevented 
rapid drying and subsequent cracking of the tile on the 
lower mould. 

More recent innovations include the introduction of high- 
quality glass-fibre moulds produced in both Kenya and 
Zimbabwe which although expensive are still able to com- 
pete in price with the lower-quality vacuum-formed plastic 
moulds when transport costs from the United Kingdom are 
included. Considerable potential exists for the introduction 
of injection-formed plastic moulds which promise to be of 
a high quality and, if produced in large numbers, available 
at a reasonable cost. Plans to introduce moulds of this type 
are under consideration in both Kenya and the United King- 
dom. 

At the low-cost end of the scale, concrete moulds are being 
reintroduced which, despite the disadvantages of qreater 
weight, shorter life and reduced durability, are still economi- 
cally 

competitive as their selling price is often only 10 per cent 
of the plastic or glass-fibre alternatives. Concrete moulds 
have the further advantage of being able to be produced 
from a 'mother mould’ by the tile maker as the raw materi- 
als and skills required are commonly available. However, 
this does introduce an extra quality control element and if 
the moulds are incorrectly made then there is little hope of 
producing quality tiles. 


Tile shapes 

To date FCR tile production has been exclusively of the 
pantile design; recently Parry and Associates in the United 
Kingdom have developed two new designs - ’Roman tile’ 
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and "semi sheet". The Roman til© ic the eamo cizo ea 
the pantile and is made on the same equipment, although 
a different moulding frame is required as the tiles are thicker 
(8 or 10 mm) and different moulds are used. The extra 2 

mm thickness is to eomponoato for tho strength loss 

caused by their flatter profile compared with the corrugated 
shape of the pantile. These tiles are designed to fit closely 
together at both the side and end laps giving a more har- 
monious appearance than tho pantiloc. Tho rocult io a tilo 
aimed at upper income groups and in direct competition 
with more traditional concrete tiles. Their production cost 
is likely to be approximately 20 per cent above that of pan- 
tiles 


wi i 
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without a lower mitre laid on the bottom row , ¥ 
the aesthetic appearance of the eaves. The man 
tiles to meet this requirement will require an 
moulding frame. 

While these improvements in detail do not affect the struc- 
ture or waterproofness of an FCR tile roof, they d 3 improve 
the visual impact and are important if FCR tiles a e to com- 
pete on an oven basis with more traditional cor creie and 
clay roofing tiles. 


Additional equipment 


Semi-sheets are larger products with a unit size of 500 mm 
x 600 mm x 8 mm and a coverage of 0.25 sq m. I hey use 

the same ■murtivibe* vibrator as the pantiles but tho tablo 

top, moulds and frames are all different. This development 
is an attempt to combine the advantages of tiles and sheets 
in one product. Development is still taking place and it is 
anticipated that a package to produce semi-sheets will be 

available in 1988. 


Parry and Associates produces a range of additio tal equip- 
ment 

including handling trucks, accelerated s>ular utlriny bins 
and fibre cutters (see figure 5.6). This equipmen is labour 
saving and is only likely to prove economically viable in 
larger production units with an output in excess t f 500 tiles 
per day. Tho solar curing bins are only really e fective in 
bright sunny weather conditions. 


Ridge, hip, verge end eaves details 

Developments in Kenya and the United Kingdom have re- 
sulted in improvements in the architectural detailing of 

ridges, hips, verges and eaves. Ridges and hips can be vie 

ually improved by the use of ridge tiles with preformed 
overlapping joints (see figure 5.5). Previously ridges and 
hips had been butt-jointed or overlapped without the use 
of an overlapping or halving joint, neither of which was aes- 
thically pleasing. Ridges can be further improved by the 
use of preformed water stops to replace bedding mortar. 



Source: 1TDG 


Verges can be considerably improved by the use of half 
tiles which ensure that the roll of the tile is downwards at 
both verges. Without these half tiles the verye at the left 
hand side of the roof will be pointing skywards. Tiles 



Figure 5.6 Fibre chopper developed by IT Workshop s 
Source: IT Workshops 


5.6.2 Sheets 

sakula pyaz) descrioes hCH roorsneet proaucti 
African countries. Each technique employed diff >i 
ly although the process is basically the same- 
difference between the Parry method described i 
b.3.2 and the other processes is that Parry uses 
distributed chopped fibre whereas many other 
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use long fibres interlaid with the mortar. Thus a layer of 
mortar is followed by a layer of long fibres which is covered 
by mortar and then a second layer of fibre is added running 
at right angles to the first layer. This process results in a 
sandwich of mortar-fibre-mortar-fibre-mortar and attempts 
to reinforce the mortar with fibre in a similar way to steel in 
normal reinforced concrete. Since Gram’s (1983) work on 
fibre durability in concrete, the long-term durability of 
sheets using this type of production method is question- 
able and in many areas production has been largely 
discontinued. 

I he major development in sheet production in the past tive 
years has been the introduction of semi-mechanized plants 
by National Fibre Concrete AB, a Swedish company, ca- 
pable of producing up to 400 sheets per day. The process 
Involves mechanical mixing of the rtioitar aftei which the 
sheets are formed on a production line incorporating a 
series of vibrating tables. A fibre net is placed in two layers 
sandwiched between layers of mortar. An additive with the 
trade name of Acacil is used, the composition of which is 
not in the public domain. The manufacturers claim it se- 
cures safe and quick processing, gives high strength and 
impermeability and extends fibre life. Only one production 
facility using this process is known and no production data 
is presently available. 

5.6.3 Fibre vs non-fibre 

Recent work in Malawi has shown that thin concrete tiles 
can be produced without the addition of fibre. This has led 


to a debate on whether the addition of fibre in concrete roof 
tiles is advantageous. This argument is further heightened 
by the fact that vegetable fibres will decay in the alkaline en- 
vironment of a cement-based composite. The supporters 
of fibre us® argue that this is of little importance as the fibre’s 
role is only active during the early life of the product - to 
hold the mortar together in the wet state, to control shrink- 
age-cracking during curing and to increase toughness 
during transporting and handling when the greatest loads 
are normally imposed. Those supporting the non-fibre ar- 
gument point to the facts that fibre can be expensive and 
difficult to obtain, its use is an extra and unnecessary quality 
control provision andwhen fibre is added a higher waterxe- 
ment ratio is required in the mortar which decreases 
strength and impermeability. 

Research has so far been unable to support either argu- 
ment unequivocally although it is generally accepted that 
fibre content should be reduced to the minimum quantity 
that will result in achieving those properties listed above. 
This minimum percentage will vary, normally between 0.5 
and 1 per cent depending upon the type of sand and ce- 
ment used. 


Other research (Gram, 1983) has concentrated on attempt- 
ing to prolong fibre life by reducing the alkalinity of the 

mortar and thi is allowing the fihra to act as a reinforcing 

agent. Some promising results have been achieved but 
long-term vegetable- fibre durability in a cement-based 
composite is still questionable. 
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Action-Aid, Roofing with Fibre-Cement Tiles (Nairobi, Action-Aid, 1985) (unpublished report), 

Boonstra, J.L., Sisal Cement Handbook (Nairobi, United Nations Centre for Human Settlements (Habitat), 1985) (unpi Wished 

report). 


Evans, B., Understanding Natural Fibre Concrete: Its Applications as a Buildina Material (London. Intermediate Tec n 
Publications, 1986). 


Gram, H.E., Durability of Natural Fibres in Concrete (Stockholm, Swedish Cement and Concrete Research Institute, 1983). 

Gram, H.E., Persson, H., and Skarendahl, A„ Natural Fibre Concrete (Stockholm, Swedish Agency for Research ind Co- 
operation with Developing Countries, 1984). 


Kenya Bureau of Standards, Specifications for Fibre Concrete Roofing Tiles, K502-749 (Nairobi, 1987) (unpublisher 
Parry, J.P.M., Fibre Concrete Roofing (Cradley Heath, Parry and Associates, 1985). 

Sakula, J.H., Sisal Cement Roofing in Bast and Southern Africa (London ITDG, 1982) (unpublished report). 

SKAT, Fibre Concrete Roofing (FCR) (London SKAT/IT Publications, 1987). 
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Equipment suppliers for fibre-concrete 
roofing 

KENYA 

Hagger-kate Services Ltd 
PO Box 59280 
Nairobi 

Agents for Parry and Associates (see entry under United Kingdom) 

Sri Raj 

PO Box 43490 
Nairobi 

Fibre-glass tile moulds 

C. Thompson 
PO Box 34753 

Nairobi 

Concrete moulds with wooden racking system, tile 
vibrating table under development 

MALAWI 

ECO Systems 
PO Box 938 
Blantyre 

Hand-powered tile production unit and concrete moulds 
developed by Twlgt 

SURINAME 

Hesay LandDrug 
PO Box 5147 
Paramaribo 

Agents for Parry and Associates (see entry under United Kingdom) 


SWEDEN 

Natural Fibre Concrete AB 

Esplanaden 3A 

PO Box 512 

8*17229 

Sundbyburg 

Seml-mechanlzed plant for FCR sheet production 


UGANDA 

Maorie 
PO Box 3218 
Kampala 

Agents tor Parry and Associates (see entry under United Kingdom) 


UNITED KINGDOM 

Parry and Associates Ltd 
Overend Road 

Cradley Heath 
West Midlands B64 7DD 

Range of hand-powered and electrical tile manufacturing 
units with plastic moulds 

Tialiiing ill Lite iiiariufacluie 

ZIMBABWE 

Ecological Designs 
PO Box 780 
Masuingo 

Hand-powered tile manufacturing unit and fibre glass moulds 
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6.1 Introduction 

Timber is one of the most valuable resources and it con- 
forms to the most varied requirements It is easily worked 
with tools and machines and it has a very high strength to 
weight ratio. Despite its strength, it is so elastic that steam 
can be used to make it into complex shapes. Wood is re- 
sistant to mild chemicals and it does not corrode 

Timber is also an important element in the industrial econ- 
omy and the life of rural populations. It can In fact be used 
at any level of technology for a wide range of purposes from 
building materials, fencing and furniture, to farm imple- 
ments, carts and waterwheels and even to carving. 

At a higher level of technology, timber is the raw material 
for a great variety of industries, including saw-milling and 
the manufacture of products such as plywood, blockboard, 
particleboard, fibreboard, pulp, paper and paperboard, 
celluloid and rayon. Many species of tropical hardwoods 
are greatly appreciated for their decorative nature, their ex- 
ceptional stability and durability, their freedom from flaws 
and the ease with which they can be worked. 


6.2 Timber resources 


Nomenclature 

Timbers are botanically divisible into two classi i 
woods' and 'hardwoods', softwoods being prop 
coniferous trees and hardwoods by broad leavi i 
The terms can be somewhat confusing since si 
woods are harder than hardwoods and vice ve 
classes contain timbers which vary in weight, stri 
sistance to decay, and colour. A single species 
may be found growing in various parts of the v 
each country may use a different common name. 
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A good guide for standard names and botanical 
a major portion of World timbers is in the British 
publications BS B81 and BS 579: 1974 Nomenc 
commercial timbers including sources of supply. 

Tropical forests 


The most significant feature of the tropical moist forest is 
the heterogeneity of its botanical composition. Th s is par- 
ticularly valid for the South American tropical mois : forests 
as the number of species is very great. For many parts of 
tne African rain torest detailed information on corn position 
and utilization is not available. 
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Appropriate technology for timber utilization 

Proposals have been made for increasing the supply of 
forest products in many countries or at least of satisfying 
more needs with the current level of supply. Some of the 
current techniques for using wood are very wasteful and 
can be improved by appropriate technology. Timber could 
be more efficiently used by the introduction of simple tech- 
niques tor the prevention ot decay and insect attack. Many 
timber species last for only a few years in contact with the 
soil in a tropical climate. Most preservation treatments are 
expensive and have to be carried out on an industrial scale. 
Howevei, iheie aie simple preservation techniques using 
appropriate technology available both for sawn timber and 
timber poles. 

Much decay and damage can bo attributed to wrong con 
ditions of use. For example, untreated timber when placed 
in contact with the soil remains damp and accessible to 
fungi. The top of timber structures is often left inadequate- 
ly protected from the elements so that the timber cracks in 

the sun and absorbs rain. Improved building design, pro- 
viding protection from above and below, will ensure greater 
durability, and the painting of exposed surfaces can further 
improve performance. 


Much may also be achieved by the appropriate choice of 
tree species. Some of the most durable timbers, such as 
teak, are now not available freely. Research into the du- 
rability of less well- known species, particularly those with 
high growth rates, may help in the future. 
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There are considerable variations from place to pi 
buicu liuetl uumpusitiori of the tropical foresr. Tne^e 
variations entail diversifications in wood propertii 
have a particularly unfavourable impact on utilizat 


FAO (1076) states that in Africa the number of 
growing in a given forest is high but a major porti 
thirds or more, of the standing volume is formed 
40 species only, out of which very few species ma^ 
sidered dominant. There are 220 wood spocico v 
more or less known, of which about 100 are reguli 
in appreciable quantities, the remainder being us< 
less. The document lists the properties of 217 

fipenifiS fnunH in Africa 


FAO (1978) states that in South America the nu nber of 
species growing in a given forest is high, but a m; jor por- 
tion, twothirds or more, of the standing volume is formed 
by 30 to 50 species only, out of which few species may be 
considered as dominant. There are 470 wood species 
which are more or less known of which about 210 s 'e regu- 
larly used in appreciable quantities, the remaindi r being 
used much less. The document lists the propertie i of 473 
South American timber species. 


Forestry plantations 

In the modern world, the policy of the foresters isko plant 
at least enough land to compensate for extract on and 
natural wastage. In such an operation trees are pi mted in 
close proximity to each other so that in their earl^ stages 


in the 
local 
which 
on. 


species 
5n, two- 
>y 20 to 
con- 
ich are 
ly used 
much 
timber 


ly be 


« d 


62 


Timber 



they grow in a slim, upright form with little development of 
lateral branches. Since the full potential of the site is about 
200 trees per hectare, forming about 20 per cent of the in- 
itial planting, thinnings often provide trees of a quite 

reasonable size which can be used efficiently in the round 
form (referred to as poles). In addition to the timber ob- 
tained from the final crop, the poles obtained from 

thinnings can be used as a constructional material. The dis- 
advantage of poles is that a high proportion is susceptible 
to decay. The thick outer sapwood layer, however, is eas- 
ily penetrated by preservatives. 

Forestry has become more of an economic exercise, and 
it is no longer possible to produce a variety of timber 
species, regardless of cost, to meet all the market require- 
ments. Foresters tend to concentrate on those species 

which are the easiest to handle silviculturally, and which will 
produce the greatest volume of generally useful wood in 
the shortest time. 

In the temperate countries of Europe and South America, 
where this development has taken place to the greatest ex- 
tent, the trees which best fulfil these requirements are the 
conifers or softwoods In th© snhtropiral countries of 

Southern Africa, South America and Australasia, forest 
management has concentrated on softwoods to supply the 
bulk of timber requirements, and where fast growing coni- 
fers have not or.ni irred naturally, evotir species have heen 

introduced. In the tropics, hardwoods have been planted 
during the last few decades, in addition to softwoods, wher- 
ever it has been possible. 

Bamboo 

Bamboo is on© of the oldest building materials used The 
use of bamboo is normally restricted to areas where suit- 
able bamboos grow in sufficient abundance. Bamboo 
grows in many countries in South and South-East Asia, in 
some rmintries in Africa and in South America Ramhoo 
has many advantages as a construction material: it is light, 
strong and elastic. Only simple tools are required to work 
with bamboo, and it does not have waste material such as 
bark and sawdust. However, there are disadvantages such 
as low durability, fire risk, uneven dimensions arid difficulty 
in jointing. These can be overcome to a great extent with 
new techniques. 


Coconut wood 

The coconut palm occurs in all tropical and moot cubtropi 
cal regions, most abundantly in Asia and the Pacific. The 
development of viable coconut wood utilization requires 
the following investigations: 

(a) The structure and composition of the raw material, 
with techniques of conversion appropriate to these; 


(b) The location and availablity of overmature, diseased 
and dead stems. 

Tho proportioc and peculiarities of the coconut otom wore 

summarized at the Zamboanga Coconut Wood Seminar 
(Philippine Coconut Authority, 1979). 

Th© coconut palm Gtom hac a number of features that 

makes it unique as a wood source material. Early attempts 
at utilization were somewhat disheartening because results 
did not compare well with conventional wood from either 

hardwoods or softwoods. Th© development of equipment 

and technology specific to coconut wood has overcome 
many of these problems. 

Rubbemood 

When rubber trees outlive their useful life as far as "tapping* 

latex for processing into rubber is concerned, they are re- 
placed with new ones. Rubber trees have a useful life of 
about 25-30 years, and as they are replanted continuous- 
ly, they represent a constantly growing and important 

source of raw material. The main problems with rubber* 

wood are blue stain and insect attack. These can be 
overcome by sawing immediately after felling and dipping 
into an anti-fungal insecticide solution. 


6.3 Processing technologies 

6.3. 1 Techniques of sawing 

The pattern in which timber is converted from a log has 
some influence on its appearance and behaviour. The end 
gram ot timber is particularly strong and resistant to ab- 
rasion; this is highlighted in the use of end grain blocks for 
flooring, however, end grain surfaces are relatively porous 
since they expose mostly open cell cavities. This section of 
wood is tneretore vulnerable to moisture pick-up, which in 
adverse environments could lead to decay. 

The way in which a log is sawn is important. If due care is 
not taken in sawing, valuable timber can be wasted. The 
process of cutting up a log is known as timber conversion. 
There are two methods of converting a log and they are: 

(a) Through-and-through sawing; 

(b) Quarter-sawing 

Through-and-through cutting is th© simplest method of 

conversion, as the boards are cut to the desired thickness, 
parallel to each other on the longitudinal axis of the log. 
When a log is sawn in this manner, the boards tend to "cup" 
and attractive grain patterns can be lost. When a log is quar- 
ter sawn most of the boards are cut on the radius of the log. 
When cut in this manner, radial shrinkage is less than when 
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me log is sawn through-and-through. The tendency for the 
boards to ■cup" is also much reduced in quarter-sawn 
timber. The attractive grain of some woods is shown to ad- 
vantage when quarter-sawn. 

The details of sawing and woodworking are covered in the 
document Woodwork Technology (Stretford and McMur- 
do, 1978). In sawing timber, different types of saws can be 
used and these are discussed together with advice on saw- 
doctoring and maintenance in FAO Forestry Paper Nos. 39 
(1982), 40 (1983) and 58 (1985). 


6.3.2 Grading 

Grading may bo carriod out to assess the appearance of 
the timber simply by considering the size and position of 
characteristics such as knots in relation to decorative re- 
quirements. This is appropriate for joinery and furniture. 
Grading for strength (known as stress grading) must as- 
sess the effect of characteristics such as knots on the 
strength of a piece of timber. 


Stress grading is simply the sorting of timber into ca- 
tegories on the basis of predicted strength. It is important if 
structural timber is to be used efficiently and safely. A num- 
ber of characteristics of timber which may be considered 

defects from an appearance grading point of view, such as 
stain not associated with decay, and pin holes, can be ac- 
commodated in structural material with little or no loss in 
strength. Certain characteristics such as slope of grain, 
however, require careful limitation, and there are two main 
methods of achieving this, visual grading and machine 
grading. 


Visual yradii ly assesses the effect of visible features Which 
reduce the strength of the timber. Stress grading machines 
measure the stiffness of the timber, which is directly related 
to its strength, and have the advantage of taking density 
cun welly iritu account, a factor not practicable to The visual 
grader. Machine stress grading is generally supplemented 
by visual inspection. 

When low-cost housing, simple trusses, prefabricated 
buildings and bridges are being designed and im- 
plemented in developing countries, materials must be 
selected only at the level of discrimination strictly necess- 
ary. At the same time selection must De efficient to avoid 
waste of valuable resources. 


knots that permit a further subdivision to be matf 
of visual stress grading rules. 

Grading rules have been developed and succes 
in many developing countries such as in Malay: i, 
Sian Timber Industry Board, 1984), in Anct 
countries (Junta del Acuerdo de Cartegra, 1984) 
New Guinea (Forest Industries Council of Papus 
nea, 1979), and in Fiji (Alston, 1982), 


Strength grouping 
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Owing to the multiplicity of timber species involvi 
countries, it has long been a problem to present 
timber data to the end-user in an appropriate 
technique devised to minimize this problem is 
Where the structural species of timber used in a 
easily identifable, and few in number, it may be 
ate that specific structural design properties be 
for each of these species. In many countries; 
species are used and it is not practicable to hav< 
of design data. It is preferable to group the timb n 
provide structural design properties for a limited 
strength groups. In general, each strength group 
a large number of species and a commercial 
species. 
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I he use of a limited number of strength classifies lions is of 
considerable value to the designer as it enabl ss him to 
specify timber by a strength group rather than b r species. 
This makes it possible to have a wider choice i if timbers 
from which to select for any specific design. Fc r the pro- 
ducer it assists in the utilization of lesser-know i species 
which may be sporadic and regionally limited i( their oc- 
currence. Information on strength grouping is given in 
publications prepared by TRADA (1985a) for tfje UNIDO 
Expert Group Meeting on Timber Construction. 


Timber detects 

Defects in timber, such as shakes, splints and 
caused either when the tree is felled or by bad 
Stains and discoiourations, due to fungal attack, 
fare the timber is fully seasoned. Most common 
knots, shakes, fissures, interlocked grain, honey 
cupping, springing, bowing, twisting and distofti 
above defects are described In detail In the Strf 
McMurdo (1978), Desch (1981) and USDA (1974). 


!e of types 


.fully user! 
ia (Malay- 
an Pact 
In Papua 
New Gui- 


tecks are 
asoning. 
occur be- 
ifects are 
:ombing, 
ion. The 
'ora ana 


s II 


C SI 


A very brief description of stress grading would probably 
menlion knots, fissures (these include checks, shakes and 
splints) and slope of grain as being the chief characteris- 
tics the size and position of which should be limited. Whilst 
it is equally important that all of these features should be 
controlled, together with others enlarged upon in specific 
rules, it is the various treatments of the measurements of 


6.3.3 Moisture content and seasoning 

Timber in the wet ("green') condition contain i a large 
amount of moisture. To enable the timber to givi ' satisfac- 
tory service in use, most of this moisture has to be emoved. 
The object of seasoning timber is to remove the extra 
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moisture under controlled conditions with as little damage 
as possible, thus making the timber more stable. When it 
is dried, the strength properties and workability of the wood 
improves and liability to insect and fungal attack decroasoe. 
Hygroscopic materials, including wood, have a tendency 
to change dimensions in response to changes in moisture 
content, expanding or decreasing as the moisture content 

responds to changes in relative humidity. Thic rocponco io 

referred to as moisture movement. 

Wood, drying from the wet ("green") condition which 

existed in the tree, retains its original dimensions until the 

contained moisture falls to about 30 per cent of the dry 
weight of the timber. T rom this level, known as the fibre 
saturation point, the wood shrinks as it dries. Similarly, ex- 
pansion onnurs as moisture is increased in dried wood to 
a maximum of about 30 per cent. Any increases beyond 
this level will not result in further expansion. Moisture move- 
ment can involve distortion such as bow, twist or spring. 

For structural work, timber should be dried to within 5 per 
cent of equilibrium moisture content (EMC). This value re- 
fers to the moisture content which would be attained in 

snrvinA FMC dnpnnds upon the relative humidity and the 

temperature of the surroundings and the following may be 
considered a rough guide. 

Equilibrium moisture 

content (percentage) 

Hot dry regions (desert, semi-desert 

and savannah) 10-12 

Tropical highlands (above 1500 m) 12-14 

Tropical lowlands, rain forests 14-18 

(Other climatic conditions are not included) 


The moisture content of wood may be assessed by several 
means. Two methods have become established as stand- 
ard practice, the oven test method and the electrical 
resistance moisture method. These are fully explained in 
Timber Drying Manual (ORC, 19Q5). 

The two most practical methods of drying timber are air 
drying and kiln seasoning; 

Air drying 

In air drying, green timber is slacked in open sheds on a 

level well-drained site. Stacks are erected on good solid 
foundations and in order to allow ample ventilation, the bot- 
tom layers raised above the ground. Where a concrete 
base is not possible, the soil under the stack is poisoned 
with an appropriate insecticide solution. The layers of 
timber are separated by using piling sticks of clean dry 


timber, the thickness of the sticks varying from 13 mm to 
38 mm depending on the timber species and outside tem- 
peratures. 

The time required for seasoning will depend on the species 
and climate of the surroundings. Some softwoods in tropi- 
cal climates require only six weeks, while some of the 

donoor hardwoods need at least 20 weeks. 


Kiln seasoning 

In kiln seasoning the timber is placed in a chamber or a kiln 
in which the temperature, humidity and the flow of air can 
be controlled to achieve the maximum rate of drying and 
to roduco the devolopmont of defects. The timber haa to 
be carefully stacked so that a uniform air circulation can be 
achieved. Various kiln schedules have been devised to dry 
timber as rapidly as possible without the development of 
defects. Kiln seasoning allows timber to be dried to any 
desired moisture content appropriate to its end use in a pre- 
dictable time. A further advantage is that special 
treatments, such as reconditioning and sterilization, can be 
oarriod out ucing tho same equipment. Details of air sea- 
soning and kiln seasoning are given in Timber Drying 
Manual (BRE, 1985). 

Other methods of drying 

Solar drying uses the sun to heat the air inside the kiln 
where timber is already stacked. The hoatod air is circulated 
through the timber stack using fans. This method has re- 
cently been introduced into substantial commercial use. 
There are many other methods of drying timber such as 
salt seasoning, solvent coaconing, boiling in oily liquids, 
vacuum drying, drying in superheated steam, vapour 
drying, press drying, radio frequency drying etc. None of 
these, however, are in general commercial use. 


6.3.4 Preservative treatment 

As timber is liable to attack by wood-destroying organisms, 
fungi, insects and marine borers, all timber used in structu- 
ral work which is not of a naturally durable type is usually 
treated, using an appropriate preservative. Successful pre- 
servative treatment of timber depends upon the 
preservative chemical used, as well as the process by 
which it is applied to the timber. It is rarely possible to ob- 
tain complete impregnation of timber, the degree of 
penetration depei idiny upon the species of timber, whether 
it is heartwood or sapwood and the treatment process. 
Complete penetration of the wood is not always necessary, 
provided that an outer layer of sufficient depth is impreg- 
nated. This layer must be of such thickness that any cracks 
or mechanical damage to the timber will not expose the 
inner untreated wood when the treated layer is broken in 
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any way. When timber is cut or bored after being treated 
the newly exposed surfaces should be given a liberal ap- 
plication with a suitable preservative. 

With the exception of diffusion treatment, the moisture con- 
tent of the timber to be treated should not exceed 30 per 
cent. The maximum permissible moisture content depends 
to coma extent upon the proceee, type of preservative and 
the kind of timber. 

Wood preservatives may be divided into three main 

groups, namely tar oilc, waterborne and organic solvents. 


Tar-oil compounds or creosotes are resistant to leaching 
and hence suitable for exterior work, in water or in ground 
contact. They are not as a rule corrosive to metals. The prin- 
cipal advantages of creosotes are their high toxicity against 
fungi, insect and marine borers. Their disadvantages are 
that the treated timber has a strong odour and is difficult to 

paint. Tar- oil preservatives may be applied by vacuum- 

pressure, hot and cold open tank, brushes, spraying or 
immersion. For exterior work the recommended methods 
are either vacuum-pressure or hot and cold open tank. 

Water-borne preservatives require special methods of ap- 
plication to ensure deep penetration and are not suitable 
for brush treatment. Drying the timber after treatment is 

necessary. The treated timber is odourless and ran he 
painted over when it is dry. Water-borne preservatives 
based on a combination of copper, chrome and arsenic 
are applied to seasoned timber by vacuum- pressure meth- 
ods, whilst boron compounds are applied to green timber 
by diffusion. They can be used in wet and dry conditions, 
including ground contact. 

Organic solvent preservatives are readily ahsorhed by the 
timber and so may be applied by brush, spray or immer- 
sion. For a deeper penetration, methods such as double 
vacuum may be used. They do not cause the timber to 
swell. Treated timber may he painted and is not corrosive 
to metals. 


Methods of treatment 

The method used in applying a preservative is as import- 
ant as its chemical composition and there are two main 
techniques, pressure and non-pressure methods 

Tar oil preservatives such as creosote are applied by press- 
ure treatment, hot and cold tank methods, and also by 
immersion and brushing. Waterborne chemicals are nor- 
mally used in pressure treatment and diffusion processes, 
whilst organic solvents are used in double vacuum or other 
non-pressure methods. 

Brushing and spraying are the simplest methods of ap- 
plying wood preservative. There are always the risks of 
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incomplete coverage and of not allowing the timl 
up as much liquid as it would if completely ii 
Therefore, the preservative should be applied 
allowing the timber to absorb as much as pose 

larly in the areas of end grain, splits and joints, 
amount of protection can be expected from 
but is slight compared with that of other metli 

timber which is fully exposed, it ic of little value. 
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Immersion simply involves dipping the timber in a tank of 
preservative. The method is a little betterthan bru ihing and 
spraying because all surfaces of the timber can a ssorb liq- 
uid freely. The method is often referred to as “dipp ng" when 
the timber is immersed for less than 1 0 minutes ai id “steep- 
ing" when it lasts for several hours or days. Even the more 
thorough forms of this treatment provide little prn tection to 
timber under severe conditions, since the preservative 
does not penetrate deeply enough. 


Diffusion treatment can be applied only on gre« i 
The process is to apply a waterborne preservati' 
as a concentrated solution, to the surface of the ti 
to store it close-piled (block-stacked) and wrappi 
tic sheeting The chemicals normally used are e 

compounds or fluorine compounds and sometii 
bination of both. The process time required for c 
several weeks depending upon the species, th 
the timher and its moisture content at the time of 
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In the hot and cold open tank method, timber is -nmersed 
in cold preservative which is then heated to aboi 1 85 to 95 
o C. and maintained at this temperature for a i hour or 
more. The preservative Is then allowed to cool do no before 
the wood is removed. It is important that the timt er is kept 
completely submerged during the whole proc€ ss, which 
normally takes several hours. The temperature ar d the time 
can be varied to some extent, depending upon tt e species 
and the size of the timber. Any preservative th< t remains 
stable when heated may be used with the hot and cold 
open tank process, and in most cases creosot » is used. 
The open tank process is a simple method of o Dtaining a 
good level of treatment. 
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In sap displacement methods , the sap in 
timber is displaced with an aqueous solution c 
ative. The method can only be applied to green 
posts. 


In the Boucherie method, freshly cut unpeelec 
posts are placed on the ground with butt ends sli jl 
ated. Watertight caps are fitted into the butt end 
caps are connected to a container at a higher 
mally about 10 m high). The container holds a v 
preservative and it takes several days to penetra 
wood completely with little or no penetratifc 
heartwood. A variation of this is the Geweck 3 
which employs suction at one end while applyir 
tatic pressure at the butt end. 
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Pressure impregnation methods are the most important 
and successful techniques for applying preservatives to 
timber. The procedure is to stack timber in a steel pressure 

vessel end tn fnrne nheminals into the timber under press- 
ure. Pressure methods give deeper and more uniform 
penetration as well as higher retentions of preservative in 
the timber. Hence, they give more protection than the other 

methods Although tharp arp a number of different pro- 
cesses which involve pressure treatment, the essential 
layout of the plant and equipment is always similar. Press- 
ure processes are mainly of two types, either full-cell or 
empty - op 1 1 treatments, depending upon how the applica- 
tion of vacuum and pressure is carried out. 

The double vacuum method employs a cylinder in which 
the timber is enclosed. From this, an initial van mm is drawn 
and held for a period of time before the cylinder is flooded 
with preservative liquid, normally an organic solvent. The 


vacuum is then released so that the pressure in the cylin- 
der increases, normally to atmospheric pressure. The 
preservative liquid is forced into the wood at this stage. The 
timber may be left to coal< for a period before the preserv- 
ative is removed from the cylinder, and then a final vacuum 
is applied. 


Selecting a method of treatment 

Table 6.1 provides a guide on the selection of an appropri- 
ate mwiliud ufti eating the timber for different end uses. For 
detailed recommendations, relevant country standards or 
codes of practice should be consulted. Specifications and 
standards relating to wood preservation are given in sec- 
tion 6.4. Details ur preservatives together with methods Of 
application are given in FAO Forestry Paper 76 (FAO, 
7986). 


Table 6.1 . Methods of applying wood preservatives, 
based on D.F. Purslow, BRE 


Suitable processes 


Usage 


Pressure Open Double Diffusion Immersion 

tank vacuum 


Sea or fresh water * 

In contact with the 

ground * * 

Outside but not in 
ground contact: 

Unpainted * * * * 

Painted * * * * 

Interior timbers: 

High humidity * * * 

heavy condensation 

Insect attack * * * * 

low risk of decay 
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Fire 

Because fire resistance is frequently and misleadingly as- 
sociated with non-combustibility the excellent potential of 

timber as a fire-resistant structural material is seldom ap- 
preciated. In a fully developed fire situation, structural 
timber exhibits remarkable fire resistance. Although the 
timber chars at a rate of 30 to >10 mm per hour, the low ther- 
mal conductivity of both the timber and the char protects 
the unburnt wood, and thereby retains most of its original 
strength. 

It is possible to protect timber structures by the application 
of surface coatings of fire retardants. These increase fire re- 
sistance by delaying the onset of heating of the structural 

mombsr. Intumascont coatings ar© usually proprietary pro- 
ducts. Some delay the heat by only a few minutes, while 
others can delay the arrival of heat for several hours. De- 
tails of the above methods were discussed and 
documented in 1970 (Fire Research Station, 1970). 


6.3.5 Timber joints 

The use of sawn and round timber in a range of structural 
applications is governed, to a large extent, by the availa- 
bility of suitable fastening systems or components which 
permit the joining of members in a reliable and efficient 
manner. During the last few decades, design criteria for the 
common timber fasteners such as nails, screws, bolts, 
shear plates and split rings have evolved and in recent 
times, data on pressed steel nail plates and metal support 
brackets of various types have been added. 

One of the different ways of catergorizing fasteners is the 
system adopted in the Australian Standard AS 1G49 and 
the American National Standard ASTM D1 76-77 which lists 
fasteners under the following headings: 

(a) Nails and screws under withdrawal and lateral 

loads; 

(b) Bolts and connectors requiring bolts for their use in 
three member assemblies: shear plates, split rings and 
dowel type joints, 

(c) Nail plates and tooth plate connectors manufac- 
tured in a variety of thicknesses and with a range of tooth 
types; 

(d) Light gauge metal brackets usod as joist hangoro 
and brackets used as ties and ftame supports. 


Nails 

There are very many varieties of nail shapes and materials 
(see figure 6.1). Round, plain wire nails are by far the most 
comniunly used fasteners for timber. These are available 
with corrosion-resistant coatings, usually zinc based. Hot 
dipped galvanizing gives protection superior to other 


methods of zinc application and has a rougher kurface fin- 
ish which improves resistance to withdrawal, as does 
rust-pitted surface. 


Round plain wt e 


Clout nail 


Lost- head wirt 


'Improved nails' 
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Cartridge pins 


Figure 6,1. Nails for timber connections 
Source: TRDA 
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Machine-driven nails are normally similar to round plain 
wire nails but the heads are shaped to allow magazine load- 
ing. Most nailing machines are pneumatically operated. 
Some of them, when equipped with specially hardened and 
tempered nails, will fix timber to hard materials like bricks 
and stone. 


number of factors which affect the strength of a bolted con- 
nection including timber species, bolt size and 
slenderness, width of members in the joints, number of 

shear planes, space requirements and quality control in 
fabrication. Launchbury (1971) gives details of bolts and 
bolted joints. 


Improved nails, round or square, are available in most 
countries as bright, sherardised or untreated. These nails 
have the advantage of having higher permissible lateral 
and withdrawal loads. 

Square twisted nans, designed originally for special uses, 
such as roofing, have proved to be excellent for attaching 
perforated metal plates. All the improved nails are good for 
attaching plywood gussets and for fixing sheet materials to 
nours where tl ley resist "popping" - a problem which Is often 
encountered with plain shank nails. 

Cartridge pins have thick shafts compared with other nails. 
These are of many shapes for varied fixing requirements, 
including threads and eyes. The predominant uses are fix- 
ing to base materials of masonry and structural steel. All 
these nails are fully explained in the Handbook of Fixings 
and r aatoninga (Launchbury, 1971). 

An easy and effective means of jointing solid timber is by 
the use of plywood attached with nails or staples. Structu- 
ral components, such as trussed rafters, plywood beams, 

ply gusseted plates and stud walls sheathed with plywood 
to provide wind- resisting shear walls, are some examples 
that exploit the advantages of nail or staple attachment. 

Densely nailed plywood gussets enable high loads to be 
carried, for example in portal frame knee joints. 

It is often thought that structural joints cannot be made in 
dense timber, such as greenheart, unless the holes are pre- 
drilled. In fact pre-drilling can usually be eliminated as 
extremely strong joints can be made by using plywood gus- 
sets nailed to the solid timber by small sized nails. 


Screws 

Screws aro mado out of as many matorials as nails and a 
rather greater number of shapes and finishes, including 
plated decorative coatings. There are many types of screws 
including countersunk, round head, raised countersunk, 
Phillips and coach screws The coach screws are much 
stronger and heavier than other screws. They are made of 
mild or galvanized steel and are used for outside work such 
as gate hinges and coach building. They are driven into the 
wood by means of a spanner. 


Bolts 

Bolts normally used in timber construction are made out of 
mild steel and are much stronger than nails. There are a 


Timber connectors 

Timber connectors used with bolts are toothed plates, split 

rings or shear plates. Toothed plate connectors may be 

double-sided or single-sided, as shown in figure 6.2. 
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Two single-sided toolhed plate 
connectors used for demount- 
able joint 


Single-sided toothed plate con- 
nector used for timber to metal 
joint. 


Round or square 





Round or square 



Double- sided toothed plate con- 
nector used for permanent joint 
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Figure 62. Toothed plate connectors 
Source; TRADA 
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Single-sided toothed-plate connectors are used where 
load has to be transmitted from a timber member into a 
metal plate or gusset, where the load passes from the 

timber into the connector then via the belt into the gusset 

The single-sided connector is also used where prefabri- 
cated or easily demountable structures are required, each 
piece of timber having a connector embedded. 

The double-sided toothed-plate connector is used where 
joints are permanent, being cheaper than two single-sided 
units. The connector is embedded in the contact surfaces 
simultaneously when the memhers ere drawn together hy 

the bolts passing through the connector and the timbers. 
Split-ring connectors are so named because they are in 

fact rings which have a split (see figure 6 3) The function 
of the split is to accommodate timber shrinkage. Therefore, 
in the installation the grooves should be formed so that the 
connector is expanded when placed into the groove, suffi- 
ciently to prevent the ring completely closing when the 
timber has shrunk. They are assembled in a similar way to 
double-sided toothed-plate connectors, using bolts and 
transferring loads from member to member of a joint in the 
samfl way, but carry very much greater loads. 

Shear-plate connectors are used in a similar way to single- 
sided toothed-plate connectors and have bolts assembled 
and leaded in the same way (see figure fi.3). They carry 
greater loads than tooth plates though not quite as great 
as the loads carried by split-ring connectors. As in the case 
of split-ring connectors, special cutting tools are required 
to cut the groove and the circular sinking, to accommodate 
the thickness of the connectors’ centre plate, and a second 
sinking for the bolt of the larger connector. 


Timber connectors of sheet material 

Punched-metal plates (see figure 6,4) are only suitable for 
installation in a factory with special machinery, employed 
under controlled conditions, by fabricators who normally 
hold a manufacturer's licence for the use of a particular 
plate. The advantages lie in the formation of joints between 
members all in the same plane and rapid assembly line pro- 
duction of the structural components. Details can be 
obtained from the International T russ Plate Association, PQ 
Box 44, Halesowen, West Midlands, United Kingdom. 

Plain nail-plates (or nail on plates) (see figure 6.4) are not 
subject to the same proprietary restrictions as punched- 
metal plates and are intended for use out of the factory, 
needing only a hammer to make fabrication possible. The 
structural components for which they are used need not be 
dissimilar to those employing punched-metal plates. 


to choose one for which tests have establishec 
load figures. 


published 


Split-ring connectors 


Split-ring conneclor can be par- 
allel sided or bevelled as shown 
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Joist hangers are of many varieties. They rr 
pressed and/or folded sheet metal or thicker 
plate. Some are holed for nails or screws and si 
Some are designed for hanging joist-ends to 
others to woodwork and steel, but these fixings 
mally available in developing countries. Whi 
available at an economic price these fixings shcjul 
sidered in building construction. 


End-joints are normally used in glued-lamim 
components. The three most common 


ay be thin 
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Framing anchors are fabricated in most developed coun- 
tries and in some developing countries in great variety. 
When such units are used in structural work it is necessary 
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Punched-metal plate 



Nail-plate or plywood gusset for hand nailing 


Figure 6.4. Nail-on limber connector plates 
Source: TRADA 

commercial practice are the butt, finger and scarf joints. Out 
of these, the two most important are scarf joints and finger 
joints. Correctly fabricated scarf joints have a strength close 
to that of clear wood. However, in a rough factory environ- 
ment, it is difficultto fabricate satisfactory scarf joints having 
a scarf slope of less than 1 in 10. Since ineffective scarf 
joints act like butt joints, they are not recommended forth© 
fabrication of critical structural members. 


6.3.6 Finishing processes 

The type of finish applied to an article depends on the kind 
of timber that has been used and the purpose for which the 


finished article is intended. Timber exposed to the weather 
and unprotected by some kind of finish will ’weather' and 
quite rapidly become bleached and grey. Further weather- 
ing on prolonged expocuro can load to surface checking 

and splitting of the timber, and loss of wood fibre from the 
surface resulting in a woolly or corrugated appearance It 
is inadvisable, therefore, to expose timber to the weather 
without the us© of som© form of protective troatmont or fin 
ish. This is particularly the case where appearance is 
important. 

It is importantt© realise, however, that the design of a build 

ing and its components can greatly influence the perfor- 
mance of the timber and its finish. The main design 
consideration is to minimize the absorption of water by the 
wood and to ensure drainage of water; the end grain at the 
bottom of external boards should be levelled; sills should 
be adequately levelled and throated; glued joints should 
be made with a suitably durable adhesive.There are four 
basic types of material which are suitable for the exterior 
treatment of wood: preservatives, paints, varnishes and ex- 
terior wood stains. Finishing processes are discussed in 
TRADA (1985), Collier (1967) and BRE Digest 261 (1974). 


6.3.7 Manufactured products of wood 

The range of wood-based products has grown dramatically 
during the last two or three decades. There have been 
many new wood- based products invented and, through 
technical innovation, modifications to existing products in- 
troduced since the World Consultation of Wood-Based 
Panels held at New Delhi in 1975 (FAO, 1975). 

The additions to the three basic types nf panels, plywood, 
particleboard and hardboard, are oriented strand board 
(OSB), medium density fibreboard (MDF), structural flake- 
board and waferboards and composite panels as well as 
innovations within the conventional products 


Plywood 

Plywood consists of thin layers of timber called veneers 
glued together. The layers, or plies, are glued with the grain 
directions perpendicular to each other. Plywood is made 
up from an odd number of veneers, the most commonly 
used being three-ply. Plywood is an ideal material for use 
as wall sheathing. As it is obtainable in large sheets, large 
areas can be covered quickly. It is easily fixed to wall bat- 
tone without dangor of splitting. Plywood can be used as 
flooring and its resistance to warping maintains a level sur- 
face. Special plywoods can be used for exterior work, and 
they should be of a grade known as WBP (weather and boil 
proof). Thinner plywoods can be used to form curved sur- 
faces. Detailed information can be obtained from 
documents by the Standards Association of Australia 
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Collins (1985) suggests that In developing such a code vi- 
sits should be made by architects and engineers to 
determine the size, shape and cost of houses in relation to 
the needs, lifestyles and aspirations of the local people. 
Good examples of light timber frame codes are available 
from Standards Association of Australia (1979c), Fiji Min- 
istry of Forests (1985) and New Zealand Standards 
Association (1984). 


6.5 Uses in construction 

Timber as a construction material 

For many centuries, timber was the structural material most 
widely used throughout the world because it was available 
and there were no alternatives in most applications. 


Design stresses and metnoas of design are given In the fol- 
lowing documents: British Standard BS 5268 (1 385) and 
Standards Association of Australia Timber Erv lineering 
Code AS 1720(1975). 


Protection by design 

The majority of problems of deterioration of fetructural 
timber are usually associated with excessive m< isture or 
water in direct contact with the timber. At the planning 
stage, building orientation should be considered I o reduce 
exposure of vulnerable components. When as rembllng 
and installing timber components care should be t aken that 
water is not retained on surfaces nor enter the ji >ints and 
that any water that does intrude can drain away. I Shielding 
and sliuctura! detailing are two methods of providl ig physi- 
cal protection for timber structures. 


In most developing countries where labour is freely avail- 
able, the techniques used to produce a component must 
involve a high labour content. For example, joints occur- 
ring in the component should be nailed and not glued as 
the former can provide work for a large number of people 
as against the glued joints which require more skilled la- 
bour as well as more expensive equipment. 


Principles of design 

Whale (1986) states the following three considerations to 
be mainly responsible for the efficiency of wooden struc- 
tures: 

(a) The choice of structural form (for member compo- 
nents or complete buildings); 

(b) The strength properties of the materials; 

(c) The means of connection between members and 
parts (jointing techniques). 


It is possible to have roof overhangs, shading dei ices and 
screen walls or fences to provide protection for I le struc- 
tural timber from sun and rain. Practical experience 
throughout the world has demonstrated the extrer lely valu- 
able contribution made by shielding systems in pr longing 

Hits life of exposed building materials. 

Detailing for durability of timber structures is discLssed by 
Armstrong (1985a) in a paper prepared for UNID D. In this 
paper, it is emphasised lhai when lit nbei compo lenls aie 
joined together or -brought together into contact v rith other 
structural members or materials, care must be taken to 
avoid the entry of water and more importantly, to a 'oid trap- 
ping water in joint3. 


The most important protection problem for timber si 
arises at the point of ground support. This area us 
maximum exposure to the elements with minimui 
tion from the structure or surroundings. The best 
design solution is to isolate the timber structure 
ground. This will most usually be done with a si 
steel plate, steel posts or bars or with a concrete 


itructure 
ijjallygets 
protec- 
possible 
from the 
shoe, 
Dase. 


it >el 


The preliminary choice of structural forms, which is gener- 
ally undertaken by a structural design engineer and is 
largely a matter of intuition, experience and engineering 
judgement, will be followed by a systematic review of func- 
tional requirements before detailed design of individual 
components is undertaken. 

During the past few decades considerable progress has 
been made in many countries in establishing standards of 
sizes and qualities for sawnwood and various wood-based 
panel products, often including stress grades based on tne 
limitation of strength-reducing characteristics (such as 
knots, wane, slope of grain etc.). These standards will often 
relate to any of the design approaches listed earlier, and 
they are certainly a prerequisite tor both analytical design 
or prototype testing. 


Although use of green timber in construction prestents seri- 
ous problems because of shrinkage, satisfactory $ tructures 
of all typos may bo built of this material if duo can 1 io taken 
at the design and construction stages. It is necess ary to vis- 
ualize what is going to happen to a structure or :o a joint 
when green timber shrinks and when required make a 
oimplo provicion for chrinkago. Thic ic diccuoooc in dotail 
by Armstrong (1985b) and BRE Overseas Builc ng Note 
No. 146(1972). 


Contraction practice 

Construction practice is very important in the caselof timber 
structures. Details of constiuctiuri practice in at ditiori lo 
other information regarding timber are fully disqussed in 
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the UNIDO publications in the series Timber Engineering 
for Developing Countries (UNIDO/10/606 to 610, 1985). 

Ollis (1973) suggests a way of classifying timber construc- 
tion systems based on a broad correlation between uses 
and constructional forms and discusses the advantages 
and disadvantages of the individual types. Another useful 
guide is the Popular Manual for Wooden House Construc- 
tion (UNIDO, 1985). 


Timber for sheathing 

Any timber sheathing, with the exception of naturally dur- 
able timber, can decay fairly rapidly if left unprotected. In 
most cases wood preservatives are not needed if the foun- 
dation sills (timber) are kept out of contact with the soil and 
the roof overhangs are adequate to keep water off the side 
walls. There are several types of sheathing to choose from. 

The board and batten system consists of boards covered 
with battens where the boards are butted together. There 
are several variations of board and batten, including the 

rAuisrc;p hattun and hnard and fhA hnard anrt hnard Rattan 

and board puts the battens behind boards, and changes 
the appearance of the siding considerably. Board and 
board dispenses with the battens altogether. 

Another type of vertical siding is shiplapped boards, which 
have a small half-lap on their edges, allowing the boards to 
overlap and shrink without creating an air gap. 

A third method is the horizontal boarding sometimes called 
horizontal siding which is of several types. The most com- 
mon are bevel siding, drop siding and shingles. Timber for 

external cladding is discussed in the document Wood In- 
formation Sheet 20 by TRADA (1987). 


Timber for roof structure 

Roofs in truss form using timber have been in existence for 
a long time. However, significant advances have been 
made in design and construction, especially with the use 
of bolts and other timber connectors at joints where pre- 
viously mortise and tenon, half lap or straight nailed or 
pegged joints would have been used. 

After the introduction of punched-metal connectors, 
trussed rafter design became popular in developed coun- 
tries. However, trussed rafters are being manufactured in 
developing countries mostly using plywood gussets which 
are nailed to a defined pattern or nailed and glued to the 
truss members to form the joint. 

Ply gussetted trusses offer a method of manufac- 
ture not requiring specialized equipment. Similarly, 


galvanized-steel plates punched with a pattern of holes to 
receive nails can also be used to form truss joints and these 
too can be fabricated on site. Trussed rafters are generally 
prefabriated in a factory and transported to site, although 
with certain types of plate, fabrication can take place on 
site. Mindfam (1986) discusses the use of timber in roof 
structures in detail. 


Timber for roofing 

Wooden shingles and shakes have been used both in de- 
veloped and developing countries. Where timber suitable 
for the manufacture - of shingles and shakes is available in 
appropriate sizes, these offer an advantageous solution for 
roofing. They are traditionally applied over open timber 
deck and roofing battens. It is important to pay attention to 
normal building practice, such as having a steep slope for 
the roof, the method of laying etc., since these are import- 
ant for durability as well as for better performance. In 
addition, maintenance can increase the life span of shin- 
gles and shakes. 

They may be applied over open spaced or solid sheathing. 
Solid sheathing may be of roofing sheets or roofing boards 
which are used especially in heavy rainfall areas. In the case 
of low- pitched roofs, particularly in heavy rainfall areas, it 
is necessary to have roofing sheets or timber roofing 
boards, For open spaced application, they are nailed to 
wooden battens which run .the length of the roof Round 
timbers cf suitable size with a small flat cut on the top can 
be used as battens. 

More details about shingles and shakes are given in Indian 
Standard (IS: 2700-1964) and Shake and Shingle Manual 
(Papua New Guinea, 1976). 


6.6 Innovations in timber technology 

There have been a few innovations during the last few years 
in both developed and developing countries. Among them 
the most important are solar drying, jointing methods, and 
the use of timber poles, bamboo, coconut wood and rub- 
berwood. 


Solar drying 

After two decades of small-scale experimentation with solar 
timber drying design by many researchers in a number of 
countries, solar kilns are beginning to become accepted as 
a practical and economically viable method of drying 
timber. A schematic diagram is shown in figure 6.5. During 
the last few years they have been used commercially in fair- 
ly large numbers in the United States of America and in 
smaller numbers in India and in a few other tropical coun- 
tries (Plumtre, 1985). 
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Rubberwood 

Kubberwood which was earlier used mostly as firewood, 
has now become an excellent construction material. This 
is due to the application of proper preservatives at the cor- 
rect time. Rubberwood is anon-durable timber and it is very 
piunw to attack by a wide variety of insects and fungi, it is 
extremely important, therefore, to exercise proper care and 
treatment at every stage of processing. Lew Wing Hing 
(1983) recommends the following precautionary 

measures; 


solution contains a mixture of 2 per cent by weigl 
gamma BHC (26 per cent Wettable Powder), bor; 
dium pentachloraphenate. The sawn timber 
dipped for at least two minutes in this solution, 
ment gives only temporary protection as the prei 
form a superficial protective layer on the wood. 


c x 


I it each of 
and so- 
must be 
“his treat- 
i ervatives 


(c) After the dip-treatment the sawn timber must be 
properly stacked under cover. The period of diffus ion of the 
chemical into the timber varies with the thickne ss of the 
timber. 


(a) Rubberwood logs must be sprayed with an anti- 
borer solution and properly end-coated if not processed 
immediately after felling. If proper end-coating and 
spraying treatment is done, it can give the logs an extended 
period of protection of up to four weeks. 

(b) After the logs are converted to sawn timber, the 
sawn timber must be immediately dip-treated in an anti- 
stain and anti- borer solution. This treatment will prevent 
attack by sapstain fungi and borers. The recommended 


(d) After diffusion the timber can be either af dried or 
kiln dried. 


Recent research work has opened up new option 
rubberwood besides solving some use probl^i 
properties of the timber have been much more tt 
studied and possible uses for the manufacture 
wood-based products such as particle board, 
nated products and fibreboard have been 
(Wong and Ong, 1979). 


for using 
ms. The 
oroughly 
several 
( lue-lami- 
iscussed 


of 


78 


Timber 


Further reading 

British Standards Institution, BS 881 and 579: 1974, Nomenclature of Commercial Timbers including Sources of Supply 
(London, 1974). 
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Equipment manufacturers 
and suppliers 

AUSTRALIA 

Interholz Raimann GmbH 
Weisserlenstrasse 1 1 
D-7800 Freiburg 
Woodworking machinery 

Kockums 
P.O. Box 32 
Wolland 
Adelaide 

Sawmilling machinery 

Kusters, Eduard Maschinenfabrik GmbH and Co KG 
Postfach 1750 
Giadbacher Strasse 457 
D 4150 Krcfeld 
Woodworking tools (electric) 

Leitch Timber Services 
14 Poina Street 

INDIA 

Park Beach 
Tasmania 

Woodworking machinery 

Ascu India Limited 
7A Elgin Road 
Calcutta - 700020 

Timber treatment plants and preservative chemicals 

Weing Australia Pty Limited 
37 Justin Street 
Smithfield 

INDONESIA 

NSW 2164 

Woodworking machinery 
BRAZIL 

Invicta Maquinas Tara Madeira Ltda 

Basuki Pratama Engineering PT 

Jalan Raya Bekasi 

KM 18 No 25 

Jakarta 1 3930 

Timber drying kilns 

Av Major Jose Levy Sobrinho 
No 2500-CEP 13 480 
Limeira 
Sao Paulo 

Woodworking machinery 

Euroasiatic Jaya PT 
Jalan Hayam Wuruk 95 
Jakarta 11160 
Timber drying kilns 

Montana Quimica S A 
P 0 Box 7340 

Hue f ©rreira Viema 

ITALY 

Sao Paulo 

Timber treatment and preservative chemicals 
CANADA 

Balestrini Renzo SpA 
Via Don Sturzo 3 
1-20030 Seveso 
Woodworking machinery 

Cae Machinery Limited 
3550 Lougheed Highway 
Vancouver 

British Columbia V5M 2A3 
Timber drying kilns 

Coppa srl 

Via Don Sturzo sen 

1-20031 Cesai 

Maderna Ml 
Timber drying kilns 

Kockmus Cancar Inc 
19433 96th Avenue 
Surrey 

British Columbia 

Pagnoni Impianti SpaA 
Via Sempione 31 
1-20052 Monza Mi 
Woodworking ■ hand tools 

Woodworking machinery 
GERMANY, FEDERAL REPUBLIC OF 
Babcock BSH 

SOGEMAC SRL 

2v del Lavoro 

47083 S. Arcangelo 

Sawmilling and woodworking machinery 

P 0 Box 266 
D-R430 Bad Hersfield 
Timber drying equipment 

JAPAN 

Hilderbrand Hoiztechnik GmbH 
PO Box 1860 
D-7440 Nuortiriyen 
Timber drying equipment 

Chubu Machinery Mig Co Limited 
14-2 Chuo-cho 
Shimada City 
Shizuoka Piefeuluie 
Electric and hand tools 
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Kikukawa Iron Works Inc 
85 Ominato-cho 
Isa City 
Mie Prefecture 
Woodworking machinery 

Mitsutoml Co Limited 
6-Chome 5-49 Toro 
Shizuoka - 1 22 

Equipment tor glued laminated timber 
MALAYSIA 

Hickson Timber Preservation (M) Sdn Bhd 

208 Renong Westcourt 

126 Jalan Klang Lama 

58000 Kuala Lumpur 

i imDer rrearmem ptanrs and cnemicais 

Sawell Machine Knives Sdn Bhd 

Lot 14981 

Sub Lot 7-11 

7th Mile 

Jalan Puchong 

Kuala Lumpur 

Sharpening tools for woodworking and sawmilling machinery 
SINGAPORE 

Ciba-Geigy SE Asia (Pte) Limited 

No A Fourth Lok Yang Road 

Singapore 2262 
Wood glues 

Hildebrand Singapore Pte Limited 
10 Anson Road No 30-15 
International Plaza 
Singapore 2600 
Timber drying equipment 

Homag Services Singapore (Pte) Limited 

896 Dunearn Road 

No. 01-03 Sime Darby Centre 

Singapore 2158 

Woodworking tools 

MacQuip (SEA) Re Limited 
Farrer Road 
P O Box 2 
Singapore 912ft 
Sawmilling machinery 


SPAIN 

Barneran SA 
PO Box 160 
Castelldefeis 
Barcelona 

Equipment for manufacture of glued laminated timber 


SWITZERLAND 

Fischer, George Limited 
Wtldioohaohon 
CH-5200 Brugg 

Equipment for glued laminated timber 


UNITED KINGDOM 

Cambridge Glass House Co Limited 
Combe rton 
namhrldge CRft 7RY 
Solar timber drying kilns 

Ciba-Geigy Plastics 
Duxford 

Cambridge CB2 4QA 
wood glues 

Forester Saw Mills and Equipment Engineering Limited 
2 Bloo Wood Lane 

Whitchurch 
Hants RG28 7 AX 
Sawmilling machinery 

Fosroc Limited 
Fieldhouse Lane 
Marlow 
Bucks 

Timber Ireotmertt plants and pioaon/allvo rJntml^als 

Rentokil Limited 
Felcourt 
East Grinetead 
West Sussex R1 9 2JY 

Timber treatment plants and preservative chemicals 

Rye Machinery I imited 

Lincoln Road 

High Wycombe HP12 3TR 
Furniture manufacturing plants 

stenner ot I iverton Limited 
Lowman Green 
Tiverton 

Devon EX16 4JX 

Woodworking machinery and sharpening equipment 

Thomas Robinson and Son Pic 

Railway Works 

Rochdale 

Lancashire OLtb 3NB 
Woodworking machinery 

Wadkin Pic 
Green Lane Works 
Leicester LE5 4PF 
Woodworking machinery 
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Wood Power Tools Limited 
Hanger Lane 
London W5 1 DS 
Woodworking toots (electric) 

UNITED STATES OF AMERICA 


International Sharpening Machines Inc 
7597 Charmant Drive 
Suite 910 
San Diego 
California 92122 

Sharpening machines tor sawrnilling and woodworking machinery 


Armstrong Manufacturing Co 

PO Box 3008 

2135 N W 21 St Avenue 

Portland 

Oregon 97208 

Woodworking machinery 


Koppers Inc 
Pittsburgh 
Pennsylvania 15219 

Timber preservation plants and preservative chemicals 
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Technology transfer and adaptation 


Introduction 

An important aim of this compendium is to foster interna* 
tiunal and Inter-organlzatlonal communication and links, 
so-called technology transfer, to promote the development 
of low cost building materials. This has been done in three 
ways. First, by means of an extensive reference list at the 
end of the compendium, where the sources of the wuiK 
referred to in each chapter are given; secondly, through the 
lists of equipment suppliers which are located at the end of 
each chapter; and thirdly, by the identification of other or- 
ganizations worldwide which are involved in the proooss of 
technology transfer and adaptation; these latter organiza- 
tions are listed in this final chapter. 

Tho lists of oquipmont suppliers given at the end of each 

chapter will help to identify some established firms which 
can supply the machinery and equipment for particular 
technologies. Many but by no means all of these are in the 
industrialized countries, and rt is worth mentioning that 
firms in the industrialized countries are not necessarily the 
best equipped to supply the needs of the small-scale build- 
ing materials manufacturer in the developing countries. 
Their markets tend to be predominantly in the industrialized 
countries where large output enterprises with high wage 
rates predominate, and the equipment they supply is thus 
often designed for labour-saving, high-volume output. An 
attempt has been made in listing equipment manufacturers 
in the industrialized countries to identify those which are 
concerned to some extent with smaller scales of produc- 
tion. The manufacturers located in the developing 
countries will often be found to have undertaken develop- 
ment work to adapt the technology concerned to the needs 
of the smaller-scale, more labour-intensive enterprise. The 
lime kiln suppliers in India and the soil-block presses made 
in Guatemala and Peru are examples. Prices of equipment 
made in a developing country also tend to be lower. 

The intention of promoting communication and technology 
transfer is not limited however to commercial import of ma- 
chinery ana equipment. The technology of low-cost 
building materials, as will be realised from the preceding 
technical chapters, is a rapidly developing field, and many 
of the most promising innovations are those which have 
noT yet reached the stage of commercial marketability, or, 
frequently, are designed precisely to avoid the need for 
commercially purchased equipment. In India, the Khadi 
and Village Industries Commission has carried out a na- 
tionwide programme of developing small-scale village lime 
industries using a kiln design which is fabricated with local 


materials with some assistance from local workshops. Ac- 
tion-Aid has used a similar approach in developing the use 
of fibre- concrete tiles in Kenya. Organizations such as 
these, principally involved in field projects fui the applica- 
tion of particular technologies, are referred to here as 
development and application organizations. Section 7.2 
lists 36 such organizations, with notes on the activities of 

each. 

In other cases, promising new technologies have been de- 
veloped in research organizations, some of which are 
university based, but wmen also include many national re- 
search laboratories. Often these organizations, though not 
primarily development organizations, have been involved 
in field trials or demonstration projects, though the techno- 
logies may not have been developed to the point ot 
commercial application. The Central Building Research In- 
stitute in India has developed highly efficient designs for 
continuous brick kilns which can be made entirely from ma- 
terials which are available locally, wiTh assistance from local 
workshops; the Building and Road Research Institute at the 
University of Kumasi in Ghana has developed a block press 
which can be manufactured locally, and so on. Many of 
these research organizations provide documentation, in- 
formation packages and run training courses on specific 
building materials technologies. A total of 76 such research 
and training organizations are listed in section 7,1, with 
notes on their activities. 

Finally, the chapter lists the principal international organiz- 
ations which are involved in either technical assistance, 
documentation or other means uf piurnotiny the develop- 
ment and use of low-cost building materials. The term is 
used here for those organizations set up by the United Na- 
tions or some other inter- governmental collaboration. It is 
realised that many uf the development and application or- 
ganizations listed in section 7.2 are also, in terms of their 
operations, international organizations. Nine such organiz- 
ations are listed in section 7.3, again with notes on their 
activities. 

In conclusion it should be noted that these lists are by no 
means complete, and no guarantee can be given of the ac- 
curacy of addresses or other information presented. They 
contain the best information available to UNCHS (Habitat) 
and its consultants at the time of preparation of this report. 
It is hoped to maintain and develop this database. Com- 
ments, corrections and additional information for this 
purpose is welcome. 
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7.1 Research and training organizations 

ALGERIA 

Centre national d’etudes et de recherches integrees du 
batiment (CNERIB) 

Cite Nouvelle El Mokrani 
Wilaya de Tipaza 
Souidania 

National research and documentation centre. 

Founded: 1079. 

Research and documentation on low-cost building materi- 
als and low cost binders 


ARGENTINA 


AsoeiaciPn TAcnica Argentina de Ceramica 

Talcahuano 847 
Buenos Aires 

National research association 

Research end documentation on brickmaking 

Centro de InvestigaciPn Teonologia de la Madera y 
Afines (CITEMA) 

Juana M. Qorriti 3520 
C C 42 
1 70S Moron 
Research organization 

Research and development in timber dying, preservation 
and construction 


AUSTRALIA 

Council for Scientific and Industrial Research 
Organization (CGinO) 

P.0. Box 56 
Graham Road 
Highett 
Victoria 3190 

Research organization: Information and documentation: 
technical co-operation 

Research in timber utilization; building materials durability; 
life cycle performance 

University of New South Wales 
P.0. Box 1 
Kensington 
NSW 2033 

University research centre 

Research on low-cost binders; rice-husk ash cements 


Wood Technology and Forestry Research Stati in 

Oratava Avenue 

Wast Pennant Hills 

P.O. Box too 

Beecroft 

NSW 21 19 


Research organization 
Founded. 1936 


Research in conversion of wood, wood structure, drying, 
preservation and timber engineering 
Research projects in China 


BANGLADESH 

Housing and Building Research Institute 

Darus-Salam 

P.O. Box 2953 

Mirpur 

Dacca 18 

Government research organization 
Founded: 1977 

Research on low-cost construction; soil constn iction 
stabilized-soil bricks; lired-clay bricks; phospl o-gypsum 
building products 


BELGIUM 

Post Graduate Centre for Human Settlements 
Katholeike University Leuven 
Kasteel Arenberg 
B3030 Heverlee 

University research and training centre 

Extensive research programmes on soil constn dion; low- 

cost 

binders, rural housing technology 
CHINA 

Building Materials Research Institute 
ly Hsiang lung Road, 

Fu Chen Gate 
Beijing 

Government research organization 
EGYPT 

General Organisation for Housing Building anc 

Planning Research 
P.O. BOX 1170 
El Tahreer St 
Dokky 

Cairo 

Government research organization 

Research on fired-clay bricks; low-cost binder >; blended 

cement; soil construction 
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ETHIOPIA 

Faculty of Technology 
Addis Ababa University 
P.O. Box si 8 
Addis Ababa 

University research centre 

Research on soil construction; local timber utilization; clay 
bricks and riles; blended cements 

Wood Utilization and Research Centre (WUAR) 

P 0. Box 2322 
Addis Ababa 
Research organization 

Research in timber properties, seasoning and preserva- 
tion 

FRANCE 

Centre experimental du batiment et des travaux publics 
12 rue Brandon 
75737 Paris 4 

Government research centre 

Centre scienilflque et technique du batiment (CS I tsj 
24 rue Joseph Fourier 
38400 St Martin D'Heres 

Government research and documentation organization 
Founded. 1347 

Research and documentation covering entire Held of 
building materials; publication of MTEC W conference 
proceedings on low-cost building materials 

Centre technique des tuiles et briques 

2 avenue Hoche 
75008 Paris 

National research association 

Research and documentation on brickmaking 

Centre technique forestier tropical (CTFT) 

43 bis, avenue de la Belle Gabrielle 
F-94130 Nogent-Sur-Marne 

Research organization: professional training with tuition; 
information and documentation; technical co-operation 

Founded. 1948 

Extensive research in tropical timber specially in franco- 
phone developing countries 

Syndicat national dca induatriea du pl&tre 

3 rue Alfred Roll 
75017 Paris 

Industry research and documentation organization 
Research and documentation on gypsum plaster manu- 
facture 


GERMANY, FEDERAL REPUBLIC OF 

Fraumhofer-lnstitut fur Holzforschung 
Bienroder Weg 54E 
D-3300 Draunachweig 
Research organization 

Applied research in timber and timber based products 
Field projects in Chile, China, Philippines 

Institut fur Tropenbau 
Waldschmidtstr 6a 
D-8130 Starnberg 
University research centre 

Research and publications on low-cost building materials; 
study of soil block press 

GHANA 

Building and Road Research Institute 
University of Science and Technology 
P.O. Box 40 
Kumasi 

Government funded research centre 
Research and documentation on burnt-clay bricks and 
tiles; soil construction; low-cost binders; use of mine- 
waste pozzolanas 

Training courses in brick manufacture 
GUATFMAI A 

Centro de Investigaciones de Ingenieria 
Ciudad Universitaria 
Zona 12 
Guatemala, C.A. 

University research centre 

Research on soil construction; adobe blocks; soil stabili- 
zation; rammed-earth walls; development of CETA-ram 
press 

INDIA 

Bii la Instilule of Technology 

Misra 

8352 

15 Ranchi 
Dihar 

University research centre 
Research on low-cost binders 

Cement Research Institute 

M-10 South Extension 1 1 

Ring Road 

New Delhi 110049 

Independent research organization 

Research on cement utilization; mini-cement plants; rice- 

husk ash cement 
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Centre for Application of Science and Technology to Rural 
Areas (ASTRA) 

Indian Institute of Technology 
Bangalore 560012 

University-based research and development centre 
Research on soil-stabilized development of ASTRAM 
block-making machine 

central Building Hesearch Institute 
Roorkee 247667 

Government research organization 
Founded: 1947 

Hesearch and process development in low-cost building 
materials; burnt-clay brick and tile manufacture; soil con- 
struction; lime kilns, lime hydration; lime-pozzolana 
binders, manufacture and use 

Development Alternatives 

22 Palam Maarg 

Vasant Vihar 

New Delhi 110057 

Independent voluntary organization 

Research and dissemination of appropriate technologies; 

research on fibre concrete roofing 


Timber Mechanics Section 
Forest Research Institute 
P.0. New Forest 
Dehra Dun 
Uttar Pradesh 

Government research organization : professions 1 
training institute; technical co-operation 
Research and development saw milling, drying\preserva- 
tion and timber structure 


INDONESIA 

Directorate of Building Research 
Jalan Tamansari 84 
P.0. Box 15 
Bandung 

Government research organization 
Founded: 1953 

Research on low-cost binders; volcanic-ash f. o zzolana; 
lime- pozzolana blocks 

Training courses in building materials developr lent 
IRAQ 


Indian Institute of Technology 
Department of Metallurgical Engineering 
Kanpur 208016 
University researcn centre 

Research on low-cost binders; development of ASHMOH 
and ASHMENT rice-husk ash cement processes 

Indian Plywood Research Institute 

TumkurRoad 

Post Bag 2273 

Bangalore 560022 

Karnaiaka 

Government sponsored co-operaiivo research organiza- 
tion: professional training centre, information and 
documentation; technical co-operation 
Researcn and development in plywood and other wood- 
based panel products 


Building Research Centre 
Jadriya 
P.O. Box 127 
Baghdad 

Government research centre 

Research into pozzolanic cements; blended cei 

gypsum plaster; fired-clay bricks 


JAMAICA 

Building Research Institute 
34 Old Hope Road 
P.O. Box 505 
Kingston 5 

Government research organization 
Research on soil stabilization 


Regional Research Laboratory 

Jorhat 785006 

Assam 

Government research institute 

Research on small-scale cement manufacture 

Structural Engineering Research Centre (SERC) 

CSIR Campus 
Madras 6001 1 

Government research organization 
Research on low-cost construction techniques ; soil con- 
struction; development of latoblock lime-stabilized 
blockmaking process 


JAPAN 

Department of Forest Products Science 

Faculty of Agriculture 

laizuoka University 

Kio, Ohya 

Isizouka-shi 

Shizuoka 

University research organization: technical co-< peration 
Founded: 1966 

Wood technology and wood processing 
Co-operates with developing countries in staff i 'aining 
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KENYA 

Housing Research and Development Unit (HRDU) 

Department of Architecture 

Univoroity of Nairobi 

P.0. Box 30197 

Nairobi 

University research organization 

Foundod: 1067 

Studies of stabilised-soil blockmaking with CINVA ram, 
BREPAK and local machines, and soil assessment; devel- 
opment of hand-operated fibre concrete tile vibrating unit 


MALAYSIA 

Standard and industrial Research Institute of Malaysia 
(SIRIM) 

P.O. Box 35 
Shah Alam 
Selangor 

Government research and standards institute 
Research on burnt-clay bricks; rice-husk ash cement 


MEXICO 

Escuela de Ingenieros en Tecnologia de la Madera 

Division de Ciencias Ingenieria 

Universidad Michoacana de San Nicolas de Hidalgo 

Edificio A, planta baja 

Ciudad Universitaria 

58030 Morelia, Michoacan 

University research centre 

Founded: 1973 

Development work in timber industries 


NEPAL 

Research Centre for Applied Science and Technology 

Tribhuvan University 

Kirtipur 

Kathmandu 

University research centre 


NETHERLANDS 

BIE Institute for Housing Studies 
Weena 718 
P.O. Box 20718 
3001 JA Rotterdam 

Independent research and training institute 
International training courses on housing 


Centre tor International Co-operation and Appropriate 
Technology 

Delft University of T echnology 
P.O. Box 5048 
2500 GA DeiTt 
University research centre 

Research on soil construction; stabilized-soil blocks; local 
timber utilization; development of wire lacing tool 

Stevin Laboratorium Voor Toegepaste Mechanica Con- 

structies en Materialen 

Stevinweg 1 

P.O. Bu* 504Q 

DK-2600 Delft 

University research laboratory: information and documen- 
tation; technical co-operation 
r ounded: 1900 

Use of wood and wood products in building 


NIGERIA 

Nigerian Building and Road Research Institute 
15 Awolowo Road, Ikoyi 
P.O. Box 12568 
Lagos 

Government research institute 

Research on soil construction; burnt-clay bricks and tiles 
NORWAY 

Norsk Tretesknisk Instituit 
T orskr iii iysi icier i 3B 
P.O. Box 337 
Blindern 
N-0314 0510 3 

Independent teseem.,! i institute 
Founded: 1949 

Sawmilling, timber structures, preservation and chipboard 
Field project in Zimbabwe 


PAKISTAN 

Building Research Station 
University of the Punjab 
New Campus 
Lahore 20 

University research centre 
Research on gypsum utilization 

PCSIR Laboratories 
Jamrud Road 
P.O. Peshawar University 
Peshawar 

Government research institute 

Research on low-cost binders; rice-husk ash cements 
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Earth Resources Technology Centre 

Wilseyville 

California 

Independent research and construction centre 
Development of rammed-earth walling system 
Publications on rammed earth walling techniques 

International Foundation for Earth Construction 
2301 M St N.W. Suite 450 
Washington D.C., 20037 

Independent research and documentation organfcation 
Soil construction; stabilization with asphalt 

International Institute of Housing Technology 

Fresno State College 

California 

University research organization; training centre 

Development of processes for adobe block manufacture ; 
asphalt stabilization; publication of manual 

Rammed Earth International Institute 

2319 21st Avenue 

Greeley 

Colorado 80631 

Independent research and documentation organization 
Research and publications on rammed-earth wall con- 
struction 

University of California, Berkeley 

Deportment of Civil Enyineetiny 
Berkeley 
California 64720 
University research centre 

Research on low-cost binders, rice-husk ash cements 


VIET NAM 


Institute for Building Science and 
Ministry of Construction 
Hanoi 

Government research institute 
Research on low cost binders; 
bricks and tiles; soil stabilization 


Technology 


lime manufac ure; clay 


ZAMBIA 

National Council for Scientific Research 
P.0. Box CHI 58 

Chelston 

Lusaka 

Government research centre 
Founded; 1970 

Research into manufacture and use of stab fiz&d-scil 
blocks 

University of Zambia at Ndola 

P.O. Dox£1G92 

Kitwe 

University research centre 

Research on burnt-clay brick production; use of igricultu- 
rat waste fuel 
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7.2 Development and application 
organizations 

AUSTRALIA 

South Australian Timber Corporation (SATCO) 

135 Waymouth Street 
P 0 Box 1604 
Adelaide 
SA 5001 

Development institute: information and documentation 
Founded: 1979 

Development work in sawmilling, plymilling and timber 
construction 

BELGIUM 

C00PIB0 

Naamsesteenweg 573 
B 3030 Heverlee 

Leuven 

Independent development co-operation organization 
Development ofPPCT binder project in Rwanda; research 
on lime kilns, volcanic-ash pozzolana 

BOTSWANA 

Southern Rural Development Association (SRDA) 

Kanye 

Government rural development agency 
Founded: 1979. 

Establishment of production units in low-cost building ma- 
terials: tired-day bricks: low-cost binders: development of 
blended cement production technology 

BRAZIL 

Centro de Pesguisa de Produtos Florestais Estrado do 
Aleixo 

1 756 C P 478 69.000 Manaus 
Amaaonia 

Development institute 
Founded: 1978 

Development work in sawn timber, board products, drying, 
preservation and timber engineering 

BURKINA FASO 

Association pour le developpement naturel d'une arch'itec- 
turo et d'un urbanism© africain (ADAUA) 

Avenue d’Oubrrtenga 
P.O. Box 648 
Ougadougou 

Ftoooaroh organization; information and documentation 
Founded: 1978 

Field projects in use of soil in construction in many com- 
munity architecture projects in African countries 


CANADA 


Forintek Canada Corporation 
6620 N W Marine Drive 
Vancouver BC 
V6T1XZ 

Development institution: technical co-operation 
Founded: 1927 

Research and development in sawmilling, composite pro- 
ducts, preservation and timber engineering 
Plans to strengthen its research links with developing 
countries 


CHINA 

China National New Building Materials Corporation 
Zi Zhu Yuan Road/Xi Jiao 
P.O. Box 281 5 
Beijing 

Government research and technical co-operation agency 
Founded ; 1980 

Research documentation and technology transfer in entire 
field of building materials 


COLOMBIA 


Servivienda 
Calle 48, No. 14-61 
Apartado 51681 
DogotA 

Independent housing improvement agency 
Research on rice husk cement; soil blocks; establishment 
of CCA cement plants 


DCNMARK 


Department of Wood T echnology 
Toknologiak Institute 
PO Box 141 
Gregersenvej 3 
DK 2630, Tastrup 

Research organization; technical co-operation 
Founded: 1906 

Research into timber and timber-based materials, timber 
processing and timber engineering 
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ECUADOR 


CATFR (Centm Anriinn rte TprnnlngiA Rural) 

Casilla 399 
Loja 

University-based rural development and technical assist- 
ance agency 
Founded: 1980 

Studies of rural housing within mainly agricultural projects 

Centro Sinchaguasin 

Apartado 471 

Latacunga 

Cotopaxi 

Independent rural development organization 
Development of low-cost housing techniques for Ecuado- 
rian highlands; rammed-earth walling construction; 
improved limewash for earth walls; reconstruction after 
1987 earthquake 


Groupe des recherches et 6tudes technologiqu< 
213 rue Lafayette 
75010 Paris 

Research organization; information and docut 
technical co-operation 
Founded: 1976 

Field projects in mainly African countries; exfelt 
cumentation on traditional technologies in 
manuals on aspects of soil construction ; lime; 
burnt bricks and tiles 


Ministers de I'urbanisme. du loqement et des transports 
Plan construction et habitat (REXCOOP) 

1 , rue Frangois Premier 
75008 Paris 

Government technical co-operation agency 
Founded: 1971 
Field projects in many countries incorporating innovations 
in low-cost building materials; low-cost binders; soil con- 
struction; gypsum plaster; fired-clay bricks nd tiles; 
research sponsorship 


(GRET) 


isive do- 
French ; 
gypsum; 


FIJI 

Utilization Division 
Department of Forestry 
Ministry of Forests 
P.0. Box 2218 
Suva 

Government department 

Development work in sawmilling, seasoning and preser- 
vation 


FRANCE 


GERMANY, FEDERAL REPUBLIC OF 
GATE 

Postfach5180 
D-6236, Eschborn-1 

Government research, documentation and technical co- 
operation agency 
Founded: 1978 
Field projects involving innovations in low-cos building 
materials; documentation in soil construction; pri ssed soil 
blocks; low-cost binders; lime-pozzolana bindprs; fibre 
concrete roofing 


CRATERRE 

Centre Simone Signoret 
B.P. 53 

38090 Villefontaine 

Research organization; professional training institution; in- 
formation and documentation; technical co-operation 
Founded; 1979 

Extensive research into earth-building technologies in 
francophone Africa and South America 

Development Workshop 
B.P. 10 
Montayral 
47500 Fumel 

Research organization; information and documentation; 
technical co-operation 
Founded: 1971 

Field projects developing and using soil construction and 
other low-cost techniques in numerous countries 


GUATEMALA 

CEMAT 
18, Call* 22-25 
Zona 10 

Apartado Postal 1160 
Guatemala City 

Independent appropriate technology organizatii n 
Field projects in use of lime-pozzolana bindt rs; block 
manufacture from volcanic-ash pozzolana 

Universidad de San Carlos, Facuitad de Arquite itura 
Centro de Investigaciones (CIFAR) 

Ciudad Universitaria, 

Zona 12 
Guatemala City 
Research organization 
Founded: 1980 

Development of CETA ram block press 
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INDIA 

Appropriate Technology Development Organisation 
(AT DO) 

P.O.Box 311 
Gandhi Bhawan 
Lucknow 226001 

Independent technology development and application or- 
ganization 

Development of 25 ton/day mini-cement plant 
Khadi and Village Industries Commission 

Gramodaya 

3 Irla Road 
Vile Parle (West) 

Bombay 400056 

Rural development technology development and transfer 

organization Development of lime kilns; lime-pozzolana 
binders; LYMPO process 

Training courses in construction and operation of lime 
kilns and lime-pozzolana manufacture 

Village Reconstruction Organization (VRO) 

By pass road 

Periakakani, P O Rrw 522509 
Guntur 

Andhra Pradesh 

Independent rural development agency 
Village reconstruction projects in India incorporating inno- 
vations in low-cost building materials; rice-husk ash 
cement 

INDONESIA 

Ceramic Research and Development Association 
Jalan Jenderal Akhmad Yani, 392 
Bandung 40272 

Government research and development institute 
Development activities in lime- kiln designs; process for 
day bricks and roof tile manufacture 

KENYA 

Action-Aid Kenya 
P.O.Box 42814 
Nairobi 

NGO; rural development organization 
Development in use of local materials; publication of ma- 
nuals on sun-dried bricks, stabilized-soil blocks; 
burnt day bricks; fibre concrete roofing 

MALAYSIA 

ASEAN Timber Technology Centre 
PO BOX 10887 
Kuala Lumpur 

Research and development organization; information and 
documentation, toohnical co-operation 
Field projects in member countries of ASEAN 


PAKISTAN 

Appropriate Technology Development Organisation 
(ATDO) 

1 A/B, 47 St 
F-7/1 Islamabad 

Government technology transfer agency 

Field projects in establishment of rice-husk ash cement 

technology 


PERU 

CRATERRE 

ApartaHn Postal 5603 
Lima 

Research organization; community development and 
technical co-operation 

Studies of traditional soil building processes; develop- 
ment of CRATERRE press, and formwork for rammed earth 
construction; publications on earth building 

ININVI 

Panamericana Norte 16900 

P.O.Box 31-056 

Lima 

Government research and technology development 
agency 

Research and demonstration projects in soil construction, 
low- cost binders, local timber utilization 


RWANDA 

COOPIBO/PPCT 

B.P.31 

Ruhengeri 

Independent development agency concentrating on low- 
cost building materials. 

Development of LIPORWA low-cost binder production 
technology; investigations of brick and tile technologies; 
use of local timber 


SWITZERLAND 

SKAT 

Varnbueelstrasse 14 
CH-900 
St Gallon 

Independent technology transfer and documentation or- 
ganization 

Studies and documentation on low-cost building mated 
als, especially FOR; convenor of FC Advisory Service 


93 


Technology Transfer 


UNITED KINGDOM 


UNITED REPUBLIC OP TANZANIA 


Intermediate Technology Development Group (ITDG) 
Myson House 
Railway Terraco, 

Rugby CV21 3HT 

Independent technology development and transfer 
agency 

Founded: 1071 

Programmes of technology transfer and documentation in 
burnt-clay bricks and tiles; low-cost binders; soil construc- 
tion; fibre- concrete roofing 

Extensive publications across whole field of low-cost 

building materials 

Parry Associates 
Overend Road 
Cradley Heath 
West Midlands B64 7DD 

Independent consultancy concentrating on technology 
development and transfer in building materials 
Development of fibre concrete roofing production pro- 
cesses; equipment for small-scale brick and tile 
manufacture and block making; training courses in fibre 
concrete roofing 

TERRE 
109 High St 
Portsmouth 
Hants P01 2HJ 
Independent consultancy 

Specialization in raw materials assessment for clay pro- 
ducts , lime and low-cost binders 


Small Industry Development Corporation 
P.O. Box 2476 
Dar es Salaam 

Government technology transfer and developme it agency 
Development of lime and lime-pozzolana produc ion tech- 
nologies; training programmes in lime products n 


UNITED STATES OF AMERICA 


Appropriate Tecnnoiogy international 
1331 HStN.W. 


Washington D.C., 20005 

Independent development and technology tranter organ 
ization 

Projects, studies and documentation on fibrdconcrete 
roofing, low-cost binders and other low-cost bu f ding ma- 
terials 


Volunteers in Technical Assistance (VITA) 

1815, Lynn St 
Rosslyn 
Virginia 22209 

independent development and technology trans er organ- 
ization 

Technical assistance and documentation ur lime 
ture, stabilized soil block manufacture; burnt- 
manufacture 


manufac- 
'Jay brick 
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7.3 international organizations 


AUSTRIA 

United Nations Industrial Development Organization 
P.O.Box 400 

Vienna International Centra 
A-1 400 Vienna 

United Nations technical assistance and documentation 
agency 

Founded: 1957 

Technical assistance and documentation in low-cost 
building materials production processes ; burnt-clay 
bricks and tiles, pressed-soil blocks ; lime; low-cost bin- 
ders 


FRANCE 

International Union of Testing and Research Laboratories 
for Materials and Structures (RILEM) 

12. rue Brancion 
75737 Paris Cedex 15 

International agency concerned with building materials 
standards and testing 
Founded: 1347 

Research and documentation across entire range of build- 
ing materials 


INDIA 

Asian and Pacific Regional Centre for Transfer of Technol- 
ogy 
ESCAP 

49, Palace Road 
P.0. Box 115 
Darigaluie 060052 

International technology transfer organisation ; promotion 
transfer and utilization of commercially proven techno- 
logies 

National Buildings Organisation and United Nations Re- 
gional 
Centre 

Nirman Bhawan, G Wing 
Maulana Azad Road 
New Delhi 110011 

National and international building technology develop- 
ment, transfer and documentation organization 
Development activities in gypsum, lime, lime-pozzolana 
binders, brick manufacture 


KENYA 

United Nations Centre for Human Settlements (Habitat) 

P.O.Box 30030 

Nairobi 

United Nations technical assistance and documentation 
agency 

Technical assistance and documentation in low-cost build- 
ing materials; soil construction; low-cost binders; bricks 
and tiles; fibre concrete roofing; timber 

NETHERLANDS 

International Council for Building Research, Studies 
and Documentation (CIB) 

Weena 704 
P.O.Box 20704 
3001 JA Rotterdam 

International building documentation agency 
Founded: 1953 

Publications and conferences across entire range of build- 
ing materials 

SWIT7FRI ANn 

ILO Technology and Employment Branch 
CH-1211 Geneva 22 

United Nations technical assistance and documentation 
agency 

Founded: 1919 

Publication on small-scale brick-making; pressed-soil 
block manufacture 

THAILAND 

United Nations Fonnomir. and Social Commission for Asia 
and the Pacific 

Division of Industry, Human Settlements and Technology 

Rajadamnem Avenue 

The United Nations Rnilding 

Bangkok 10200 

United Nations documentation agency 
Founded: 1949 

Documentation on all aspects of low-cost materials 

UNITED KINGDOM 

Commonwealth Science Council 
Marlborough House 
Pall Mall 

London SW1Y5HX 

International technical co-operation agency 
Founded: 19 65 

Collaborative, research programme on local raw materials 
tor construction with African countries 
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